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^ Preface 

Introduction ' \ 

This is one of several "courses offered by the National Training^atid Operational 
Technology Center ^NTOTC) which have been prepared ijj packaged form for use by 
the States ini^their traping programs, and by otbiM<organizations having a 
need to present this type of training. Each course package consists of: f y 

1. An instructor's guide containing material related to course planning and; 
* conduct. 

2. . a training manual for use by the participants, ^containing the course 

subject matter, and . . 

3. supportive visual and audiovisual .training aids used by NTOTC in presenting" 
the course. These are available on loan to thosje offering the'course* The 
content of each slide is reprodudted in this manual. 

ft 

This guide reflects ther manner in which the course has been offered by NTOTC. 
It is intended, to assist the organization offering the training, and should 
not be considered as an inflexible method of presenting the course,. ^ Some • 
m ay want tn fnlln w the format exactly a^ presented ^^thers may not . In either 
case, this guide should prove hplpful in reducing the amount of onginfal T 
developmental work required, and in suggesting^ methods and approaches when 
Modifications of the course plan presented herein are being considered^ 

Organization of the Guide . \ . 

_a . , 

This instructor's guide consists of two major parts. Part I contains informa- 
tion required for course planning and manaqement. Part II consists of a series 
of Instructional Package Worksheets (iPW's) which set forth learning objectives 
and the instructional^ approach used by NTOTC for each topic include^ in the 
training- manual . 

Analytical Methodolot^y foMtefulatory Programs 

' ItM^jessenliial that analytical procedures taught in the coiirse conform to) those 
prescribed for use-in4JSEPA regulatory programs. These proqedures are' identified 
in regulations which appear first in the Federal Register, , and which are^jater 
codified in Title 40 of the .annual edition of the Code , of Federal Regulations. ^ 

For the National Pollutant Discharge Elimination System (NPDES), Part'l36 af 
Title 40,- "Guidelines Establishing Test Procedures for the Analysis of Pollutants" 
specifies methods to be used for the measurement of contaminants in" wastewater. 

'For drinking water, Part .141 of Title 40, "National Interim Primary Orihking Water 
Regulations" (NIPDWR), specifies methods to be used in determining the level 
of contaminants in finished water. '* 



The Instructional Package Worksheet on Compliance Monitoring in Parit IF of this 
. guide provides details \concerning EPA, regulations for these prograris* 

FonAadditional informat-tQn concerning this course, ''or ather\-packag|d courses, 
' contact:* 



Director, NTOTC 

U. S. Environmental Protection Agency 
Cincinnati, Ohio 45268 



PART I COURSE PLANNING AND MANAGEMENT 

This section of the^manual is concerned with the administrative aspects of 
planning, 'preparing, and conduT:1ng the course. 



A, COURSE DESCRIPTION . • 

This description was prepared for^ course presentation at the NXOTC and 
may be useful to others in course-related publicity- 



BACTERIOLOGICAL METHODS IN WATER QUALITY CONTROL PROGRAMS 

5 days ^ , 



This course is for laboratory personnel who can perform basic bacteriological 
laboratory procedures such as sample inoculations, transfers, weighings and 
-related skills.. * ; 

* . *» 
* • ^* 

yAft^r successfully completing the course, the student will- have increased - 
Knowledge of all aspects of sampling, analysis and. data handling for bacterio- 
logical ^samples as required by Federal Register Guidelines for effluent 
monitoring and other wqter quality programs, * ' " ^ 

» .' 

T^e training inqorporates classroom instruction and activity sessions, student 
performance of laboratory assignments and follow-up discussions. 

Course topics include characteristics, occurrence, and significance of bacterial 
indicators' pollution; criteria^ and standards of bacteriological water quality; 
sampling programs; collection and handling of samples; standard laboratory test 
procedures for total and fecal col i forms and fefal streptococci, by membrane 
filter methods and by multiple dilution tube methods; calculating, summarizing 
- and reporting laboratory data; ancl 'analytical quali'ty control procedures. 
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B. PERSONNEL 

The remaining sections in Part I of this manual indicate the personnel 
associated wi,th this training course when it is presented' at the National 
Training and Operational Technology Center (NTOTC). Their course-related 
activities are listed below. 

.1. Training Supervisor - * 
^ Has overall responsibility for the NTOTC training program. . ' 

Training Coordinator - ' * ' 
\ Is responsible for all elements involveij in planning and conducting a 
specific course. * ^ ; ' 

3. Course Secretary - ; , 
^ Performs all course-related clerical duties. 

/ • • ^ 

4. — Irfstructor - , ^ . 

For assigned topics, is responsible for planning instructional, approach, 
developing instructional materials, and delivering the instruction., 
During laboratory sessionsjIRInother instructor may be designated to 
assist the (primary) instructor so that participants can be provided ^ 
as much individualized attention as possible. 



5. Laboratory Assistant - , f"* 

Assists in the prepartioa of laboratory reagents; assembles equipment; 
^Ts available as required during laboratory exercises. 
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SUMMARY PLAN FQR THE COURSE AND COURSE SCHEDULE 

A convenient format to use in the/early stages of devising-a cpurse plan 
is a' day-to-day * assignment of tirtfe bl'ocks^ bgsed on estimates by instructors 
of the training time required f on each parameter. (An example is on the 
next page.) Using. available timevas a first criterion wilLallow a 
variety of possible sequences. ' One such sequence, which has been* success- 
fully used by NTOTC to conduct thii course in^ the pgst, begins oVi page-^Z-S. 
Examples of other considerations fare: , 

1. If some equipment must be used^uKpre than one test, schedule another 
topic between the two tests to allow time for the required clean-Qp. 

2. $chedule the topics so each instructor alternates between prime and 
assistant responsibilities to allow time for preparations .y^hich must 
be done' right before training sessions. ' ^ " • 

3. If one procedure requires skills taught in another* procedure, order * , 
the presentations' accordingly. , ' 
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SlIMMARY PLAN FOR THE COURSE 



MONDAY 


TUESDAY . 




&-= 1 

WEDNESDAY 


THURSDAY 


FftlDAY 


Activity 


Time 
Hours 


Activity 


^ Time 
Hours 


i 

Axjtivity 


Time 
Hours 


Activity 


Time 
Hours 


Activity 


Time 
Hours 


Registration 

WeTcome & Course 
Objectives 

Compliance Meth. 

Chlorine Deter • , 
and Turbidity 

Bacte^riological ' 
Indlcatars__of WQ 


"1/4 
1/4 

1 

1 1/4 

. 1 


Membrane Filter • 

MF Equip. & Its 
Prep, for Lab Use 

Exam, of Water 
for Col i from & 
Fecal Streptococ- 
cal Groups (MPN) 

< 


3/4 
3/4 

1 1/4 


Use of Tables of ' 
MPN 

Verified MF Jests 

Bact. Lab: Equip ^ 
ment, ^feterial , 
& Supplies ^ 


3/4 

1/2 
1 


Collection & 
Handling of Bact. 
Samples 

Intro, to Statis- 
tics & Geometric 
Means 


3/4 

V 

2 


Discussion & 
Review 

Quiz 

Lab Completion 
Course Closing 


l/Z 

1 1/4 

1/2 
1/2 


Lunch 


1 


Lunch 


1. 


Luneh 


1 


Lunch 


1, 






Lab Briefing 

^MPN Procedures . 
' (laborjatory) 

iF Media Prep. . 
(laboratQry)v 

'^IF Verification 
(laboratory) . 


3/4 
1 1/4 

1 

1/2 


] — 

Media & Solutions 
for MPN Methfp.ds, 

Principles of 
Cultural Media' 5 
for use with MF » 

Lab Briefing 

^PN Proc._{lab) - 
IF Proc. (lab) 
C Ver. (lab) 


1 

. 3/4 

3/4 

1/2.; 
1/2 
.1/4/ 


• 

Colony Counting 
on MF Filters • 

Select, of MF 
Sample Filt. Vol. 

Lab Briefing 

MPN Prbc. (lab) 
MF. Proc. (lab)- 
MF VeriJ*««tion 
(lab)-^ 


1/2 
.1/2 

1/2 

1/4 
i^/r 
1/4 


Lab Briefing 
MPN Proc. (lab) 
Verficatlon-(lab) 
MF Proc. (lab) 


3/4 
1/4 
1/4 
2 3/4 

r 




• 


TOfAL 


8 1/4 


tOTAL 


7 ilz 


TOTAL , 


" f 


tOTAL 


7 3/4 


TOTAL 

1 


2 3/4 
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4. 'Sample Course Schedule 



BACTERrOLOGICAL METHODS IN, WATER QUALITY tONTROL PROGRAMS (120.4) 

(Location) 
(Date) 



•AGENDA 



7 . Course Coordinator; 



Labolratory Assistan-t: 



DAY & TIME 



SUBJECT 



OUTLINE 



INSTRUCTOR* 



Monday 
8:30 - 9:00 

9:00 -*10:00 
10:00 - 11:15 

11:15 - 12:15 



12:15 
1:15. 



1:15 
4:45 



Tuesday 
8:30 - 9:15 



9:15 - 10:00- 



10:15 
10:15 

11:30 
12:30 



10:15 
11:30 

* 

12:30 
1:20 



1:30 - 2:15 
2:30 - 4:30 



Welcome, Course Registration 
and Objectives^ 

Compliance Methodology 

Chlorine Determinations 
and Turbidity 

Bacteriological Indicators 
of Water Quality 

Lunch \ 

Laboratory Briefing and. , 
Laboratory ^ 



The Membrane Filter 

MF Equtpmdijt and its Prepara- 
tion for Laboratory Use 

Break 

Examination- of Water for 
Coliform & Recai: Streptococcal 
Groups (MPN) 

Lunch 



1 

16, 
2 



6 
7 



Media &. Solutions for 
MPN Methods 

MF - Prindiples of 
Culture Media 

Laboratory Briefing and 
Laboratory 



4 
9 



Course Coordinator ^ 
Course, Secretary 

Bacteriologist #1 

Bacteriologist #2 

Bacteriologist #1 



Staff . 

Bacteriologist ftl 
Bacteriologist #2 

Bacteriologist #1 



.Bacteriologist #2 



Bacteriologist #1, 



Staff 



*For the actual course presentation,, insert the name of the primary Instructor 
opposite the title of his/her assignment. Assistant instructors are 'designated ( "'). 
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OAY^ & TIME 



SUBJECT 



, OUTLINE 



INSTRUCTOR* 



Wednesday 
~~^8:30 - 9:15 

9:25 - 10:05 

10:05 - 10:20 

10:20-- 11:30 

11:30 - 12:30 
12:30 - 1:10 

1:20 - 1:50 

2:00 - 4:45 

■\ 

Thursday- 
8:30.- 9:15 



9.: 25 -.B:20, 

U:30 - 12:30 

12:30 - 4:30 

Friday 

'^:30 - 9:00 

9:25 - 11:20 

' 10:15*- 10:50- 

11:00 - 11:30 



Use of Tables of MPN 5 
Verified MF Tests 13 

y 

-Break 

Bacteriological Laboratory: 
'Equipment, Materials &' 
Supplies ? 

Lunch 

Colony Counting -on Membrane -12 
Filters 

-Selection of MF Sample 10 
'Filtration Volumes_ 

-Laboratory Briefing & 
Laboratory - 



'Collecting and Handlirvg of 14 
.Bacteriologicirl Samples 

Introduction to Statistics 
& Geometrical Me?ins 

Lunch • - ^ . |s^' 

Laboratory Briefing & 
Laboratory StudiJfes 



.Discussion & Review- 
Quiz & Review - ^ l 

•Laboratory. Exercise Completion 
Course Closing 



Bacteriologist #1 
' Bacteriologist #2 

Bacteriologist #1 



Bacteriologist #2 

4 

Bacteriologist #1 
Staff 

Bacteriologist; #2 
Bacteriologist #1 

Staff 

Staff 
staff 

.Staff _ • 
Staff 



JIL 



Owmnm aw am (coutsc sim 1 
mpmnmuftttm ^ 



surf 



r iMcviafw] 



Clncvlitt) 



(itfrlftrttt) [livtlitt) 



mem 



ff I 



(iNcii^U) (Inctttett) 



If MCtSUnf) 



Kmi Htm, 

if mcttMnr 



SUrt 
Vtrlflcttlofi Ttt' 



1 



CMtllWt I 



ClnciiUtt) 



COitlMt 

VtHflutlM Ttft 



)f ntcHMry) 



Ctntlmt 
VtrlflutlM Ttst. 
If ittcttfry 



[Wtfrlttratt; 




^^^^^—tl Hi 

innrrnrilMI 















Mate 



[tnoibite) 



KM and 











KAO and 





riferatff) 



US ono Afar 



"1 



Piatt 




Ma 








[iRcvtetaJ 




1 


KCCQRO 
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D. MILESTONES IN COURSE PLANNING AND PREPARATION 



J 



The following pages list major areas of course responsibilities in a 
chronological order to facilitate orderly and timely accomplishment. 
The table also serves as an example for assignment of these responsi- 
bilities to various staff members. It has been successfully used 
by NTOTC to conduct' this couVse in the past.- 

The table headings, are job titles associated with tfie listed tasks. 
A suggested staff is cited, including a laboratory assistant. It is 
recogntzed, however, that staff is often limited-and on individual 
may serve in several of the defined roles. Hjving this'sumriary accord- 
ing to an ideal situation should facilitate an equitable division of 
the ^required tasks among fewer persons. ^ " 

Before .uSing the milestones table, decisions must be made about the 
course content. It may be desirable to teach the approved test pro- 
,for parameters that are not included in this package, but that are 
required locally to meet regulatory^ requirements. In that case, the 
tab^le must be changed* Delete items identified .fory topics you omit 
and the items needed for the topics you want to adcr. 
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S TO 6 HOWTHS BEFORE COURSE 



Determination of' the need and 
decision to have course. 

♦ _ ■ 
Designation of Course Director 
and Course Secretary. 

Revfew responsibilities. 

Review responsibilities. 

Commit classroom and 
laboratory facilities. 

Devielop and release Course 
Announcement Including loca-* 
tlon, date, general statement 
of -course content and training 
objecti\^es. 

Prepare all forms and infor- 
mation sheets related to 
student registration proce- 
dures. ' 

Decide on staff members 

4 TO 5 MONTHS BEFORE COURSE 

Receive,^review, jict u|?on 
'> ^Course Atl'pl icatidh^, continu- 
ing until course begins* 

Maiixtain records on deposition 
of e&ch application, continu- 
ing through course. 

Inventory Staff Guides, Order 
needs* ' 



V 



3 MONTHS B.EFORE COURSE^ ^^ - 

Commit/ ill staff members who 
will participate In Course. 

Develop Mile^s^tone Checklist 
for Course. 

Dlstrlbute^coiies to staff of 
Milestones,' Staff Guide, 
Student Text \and any other 
pertinent training resources. 

Review responsrt^lit>«. 

Assign ,topics to Primary (P) 
Sind Assistant (A) Instructors: 

Compliance Methodology 

Chlorine & Turbidity 

Indicators of Rater Quality 
' Day Opte laboratory ' 

Membrane" Filter 

MF Equipment ^ 
' MPN Examinations 

MPN Media / 

MF Media ■ ^ ' ^ 

Day Two Laboratory 
-MPN Tables 
, Verified Tests 
- Laboratory E(Juipment 
— MF Colony Counting 

MF Sample Volumes 

Day Three Laboratory 
* BacterioTogrcal Samples 

Statistics * 
/ bay Four Laboratory 

Poit Course Quiz 

Day Five Laboratory 
Develop summary plan for course 

Inventory laboratory equipment/ 
supplies. List and commit 
lending sources. Order rest'., 

Inventroy classroom equipment/ 
supplies. Llsit and clommit' 
lending source;s. Order WSt. 
(Continued) 



P 
A 
P 



P 
A 

A 
P 
A 

X 



Inventory student reference 
texts. Order needs. 

2 MONTHS BEFORE COURSE 

Finalize Course SchedMle ■ 
< Agenda ). 

Request laboratory/classroom 
needs from lending sources. 

Request training aids from 
lending sources. 

6 WEEKS BEFORE COURSE f ^' 

Check out operation of all 
major pieces of equipment.- 

■ Primary-anciiAssistanjt" Instruc- 
tors* go through laboratory 
procedures in student refer- 
ence texts, using IPWs to 
standardize. instructions for 
students. 

M MONTH BEFORE COURSE . 

Sufimary (to date) to staff af- 
registered students, continu- 
^ in§ course beginning. ^ 

Check on progress of "itaff 
preparations for instruction,' 
continuing through, course. 

Prepare all administrative 
forms and materials needed 
for course presentation.. 

Plan and rehearse classroom 
presentations using all rer 
quired tra^ining aids. ^ 
Finalize..' 

(Continued) * 
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Obtain any duplicated thstruc 
tlonal materials (data Sheets, 
etc*). . . 

Review summary af laboratory 
equipment an^ supply needs 
for expected .number of . stu- 
dents doing the selected 
procedures; 

Clean all .glassware and 
equipment required by 
students. ^ 



Assemble other student equip- 
inent and. supplies. 

, 2 WEEKS' BEFORE COURSE 

Arrange for security of class 
room and laboratory* 

Make reagents ^ media* solutfons, 
etc required by students. 

, Detehnine approximate range 
of parameters in samples for 
course. 

. Hrrange for "disposal of 
contaminated wastes. ' 



(Continuetff 



X 



X 



, X 



X. 
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1 

Givel Laeoratorx Assistant' 
final /ist of eouipment and * 
,^suBj>Kes to be A each labo- 

1 rajoi^ position. Discuss 
^anganent of shared 

1 etprlpment. - - 

1 WEEK BEFORE COURsT 

Inform building food service 
' of number of expected students 
. ancl course lunch times' (as ' , 
appropriate). 

-■ 3 DAYS BEte COURSE > ^ 

, Finalize seating arrangtoerit 
' for classroom. \ \ 

Assemble course material s\^ 
in classroom (student texts, 

• administrative materfaTs^,. 
etc.). Distribute as 
appropriate. 

Ready classroom instructional 
aids (boards, 'erasers', etc.) 

Check out all classroom equip- 
ment (electrical systems, PA; 
projection equipment) and 
obtain back-up accessories* 
(bulbs* etc.). 

* COURSE OPENING 

Conduct opening exercises. 
Participate in course opening. 

' -Complete -any required student 
records, including roster. 

(Continued) 



Prepare course certificates if 
heeded at end of week. 

{ EVERY DAY OF COURSE 

.^ftaintain general supervision 
• of course. 

^ Prepare materials and/or 
'Sample? on da.y of test, * 

Obtain satipleslFor each test 
on day of test. 

When assistant instructor, . 
make ary student evaluation 
records requested by the lead* 
instructor. 

When primary instructor, com- ' 
pile evdlua^tion record for 
each student, if required. 



Keep any general records 
^(e.y. attendance) as required 
to document successful course 
completion. 




SECOND-LAST DAY OF COURSE 



Distribute course critique 
sheet^o students. . 

LAST DAY OF COURSE > 

Check and sign course certifi- 
cates If applicable 

■^Collect students' .critique 
slteets. 

Conduct closlhg exercises/ 



Participate 4n course closing. 

C1ear> up classroom and 
laboratory. 

WITHIH TOO WEEKS OF COU^SL . ' 
PRESENTATION 

Return or replace any borrow- 
ed classroom equlpment/^ 
supplies. 

Return or replace any borrow- 
ed 'laboratory equlpmjpnt/ 
supplies* 

Return«?or replace any borrow- 
ed training aids. 

Order repairs or Veplacements 
of own equipment used in 
course. 

K 

Complete and' file evalua- 
tion records on all students, 
in predetermine^ area.*^^ , 

See that^aU students >ave ' 
been appropriately notified ^ 
, of their degree of success 
in completing the course^ 



X 
X 



1^' 
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Participate In staff session 
on evaluation of course and 
reconmendatlons for future 
offerings. 

Prepare course summary/ 
eva^luatlon report* 

Complete anil file entlne 
bourse records In mutually 
determined area. 




E. INSTRUCTIONAL' RESOURCES 

1 

Most training institutions will make the fullest possible use of available 
instructional resources. The purpose of this section is to describe the 
nature, sources and availability of instructional resources suggested for 
use With this course, • 

\. Student reference text and 'Instructor's Guide for the course, ~ 
"Bacteriological Methods in Water Quality Control Programs/' Ordering 
information may be obtained from: 

U.' Environmental Protection Agency ^ 
National Training and Operational technology Center 
Cincinnati, Ohio 45268 
(513) 684-7501 . ' ' 

2, Slides and Slide/Tape Units (See IPW Sections VIII B and XI for a 
description), 

a) What is ave^ilable, according to t^ic: 

(1) . Chlorine Determinations an/f Turbidity 

(a) X-21, chlorine, 36 sndes 

(b) X-30, Turbidity, 10 sll 

(2) Bacteriological Indicators 
(a) Bacteriological Indicators, 53 slides, 

(3) Membrane Filter/Equipment/procedures, ^ 

(a) X-41 Membrane Filter, 12 slide^ 

(b) X-33 MF Colony Counting, 17 slides 

(4) MPN 

(a) Examination of wa.ter for Coliform and Fecal Streptococcal 
, Groups (MPN), 40 slides , | 

(5) Collection land Handling and Samples - 

(a) Collection and Handling of Bacteriological Samples, 
14 slides • 

(6) Statistics 



(a) XT-«6 Geometric Means (Parts I, II, III) time of 

three tpaes is 35 minutes, with 78 slides, '3 scripts, 
. and a handout. 



-A^fi?0.4).6a. 11.80 
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All units^described in 2. above- are available. on scheduled loan 
from NTOTC to institutions conducting this course. Requests^ 
should contain the information items on the, "Request for Loan" 
form at the end of this section. Send requests to the National 
Training and Operational Technology Center at.^^the address on 
page 4-1 , 

« - — ' <^ 

It is urged that materials desired from NTOTC for a specific^ ^ 
course offering be requested in a single, consolidated 
communication . This will give greatest assurance' of a well- 
coordinated response. Because these requests ordinarily .will 
cover el number of different- Items, telephonic requests should 
not be made. 

Requests should be timely ^ To assure effective delivery in 
time for use 1n the coursje, requests, should be receiVed'at' 
NTOTC at least 45 days prior to the course date. NTOTC will, 
in turn,^make every effort to -assure ^Hat the requested'materials 
are delivered to the requesting institution several'days prior 
to the start of the course in which they are to be used. This 
will permit review and practice by the instructional staff for 
the most effective use of such resources. / • 

It is expected that all borrowed resources /be returned to NTOTC ' 
within two weeks after completion of the jcpurse in* Which they 
are used. . / . . 



With returned borrowed training resources/, it is requested that 
the user provide NTOTC with an evaluation of the training resourse(s) 
used. In thi^ manner, the experience of/users can be a factor in 
continuous improvements and responses ta problems in using the 
resources. All reports on the uSe of such 'resources should include . 
the number of students with whom the maierila was used. 



Supportive References: 

a) "Standard Methods for the Examina1:ion of Water and Wastewater" 
(14th edition), APHA, AWWA, WPCF/ Available" from Publication " 
Office, American Public Health Association, Inc., 1015 18th 
Street, N.W.,- Washington,' DC 20Q36.- , - 

' ' / * 

Instructional Resources Already in Possession of the Training Institution 

a) Many training organizations prefer to develop, or have developed, 
their own texts and audiovisual training resources. 



1 

A 



RCQUCST^FOR LOXn 
AUDIOVISUAL INSTRUCTIONAL UNIT 



Titte and Catalog No. 

■jr 



Intondid Usd: 



Preftrrtd Otte of Use: 
Alttmite Oite: 



BORROWER'S NAME 
Titte • 



Organization 
Addms 



PhcM Nunnber (include 
Araa Code): 



(Zip) 



To prevent duplication when choosing Audiovisual Materiabrplease note in tbe Topical Index 
that some units are carried in nK>re1han one mode. ^ 

Thirt is no charge for use of ttw Audlovisuai Instructional Units. However, the BORROWER - 
assumes financial responsibility for the value of ail loaned instructional materials. 

Unless special arrangements are made with the ibanihg office, units should be returned within 
two weeks. Return the unit by REGISTEREO, CERTIFieDw INSURED MAIL IMMEDIATELY. ^Hw 

[films MUtST BE RETURNED IN 3 DAYS. 



\ 
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LABORATORY^EQUIPMENT AND SUPPLY REQUIREMENTS 

i • 

The consolidated list in this sect ton Ts for overall planninq purposes. 
It was compiled from the Instructional Package Worksheet (IPW) sections 
(part II of this manual), and IX, "IPW Equipment ani^^Supply Requirements" 
"Section IX can also be used on a day-to-day basis during the course to *\ 
prepare for the laboratory exerctses. 

If an Instructor JchotJses a different assignment for a topic, some quantities 
must be changed accordingly. As noted, numbers represent minimum quantities. 
It is strongly recommended that Instructors^provide surplus equipment and 
additional supplies ready for use in case of need. Many InstructQrs plan 
for a- margin of at least 10% pf extra supplies to provi-de for student errors, 
planning miscalculations, or other unforeseen events. 

I 

Before using the list, decisions muH be made about the course content. It 
may be desirable to teach the approved test procedures\fpr parameters that 
are not included in this package, but that are required locally to jpeet 
regulatory requirements. In that case, the list roust be changed. Delete 
items identified for topics you omit and add the items needed for the topics 
you omit and adc^he items needed Nfor the, topics you want to add.. 

This list can be of great value in pre-course planning.^ to determine ^he 
availability of needed equipment and supplies, and to take action jto 
Ide needed resources. Further, thi§ list can be of vital importance 
. p.lanning for courses to be conducted in field locations. Copies of * 
list in the hands of the Course Coordinator^ and a-representative ofithe 
>t organization can ie used to determine whicb will provide needed re- 
^urces bn an item-by-item ba^is. When the responsibility is assigned/ 
accepted, this can be annotated in tne "remarks" column on the copy in 
the hands of the Course Coordinator and the copy of the representative of 
the host -organization. Each canthen use the annotated equipment and 
supply list as a checklist for carrying out his own agreed - upon respon- 
sibil^ties in preparing for the course. 




f 



5-1 



BACTERIOLOGICAL METHODS IN WATER-DUALITY CONTROL PROGR/^S 
MATERIAL & EQUIPMENT REQUIREMENTS 



5-2 



Note: Below are shown the materials. and etjuipment 
required PER STUDENT or laboratory position, 
WuUiply the number by-the number of sijudents 
to obtain requiced suppjy. 

Note: The symbol "x" means that suppl y/egy ipment 

is available - such as "matches '^'Tjr "incubator" 



NOMENCLATURE . 

t 


SUNDAY 


MONC 


AY 


TUESDAY 


WEDNESDAY_ 


THURSDAY 


FRIDAY • 


<:*AD Broth 2X Strength 


,5 

• 




«. « 



*AD Broth IX Strength 

♦LIS 2X Strength 

*LTS IX Strength 

B6LB Broth ' 

* EVA Broth • 

> m-ENDO Broth bottle 100ml 
dehydrated medium ' 

LES ENDO.Agaif? - Vial 30mt 
dehydrated medium' 

EC Broth 

Blank- dilution 99m1 Sterile 

Rinse Water Sterile (sufficient 
amount If In flasks - or the 
following amounts when 99ml 
blanks are used) 

.Sticks, Inoculation Sterile < 

Hoop, Inoculation " 

Dished, Petri MF Sterile 

Burner gas . , 



20 
5 

20 



27 
15 
12 
1 
1 

15 
2 



r 



7 
3 



YpJeedle bacteriological 



ERIC 



12 
1 

15 
1 
X 



9 

1 

. 6 

3 
1- 



1 
4 



1 

18 



1 
5 
1 



1 

12 
1 
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B^-CTEWOkOGICAL METHODS IN WATER QUALITY .CONTROL PROGRAM^ . ' 
MATERIAL 4 EQUIPMENT REQUIREMENTS ' '.J ' . 



* 1 



NOMENCLATURE 



SUNDAY • MONDAY 



. TUESDAY 



WEDNESDAY 



THURSDAY FRIDAY 



MFC medium prepared plates 

t 

MFC medium dehydrated 30ml vial_ 

Rosoltc acid prepared in 
' 0.2N NaOH 

Incubator, 35 C ► 

Incubator, 44.5 C 

Pi pet Sterile 10ml 

Pipet Sterile 1ml 

Forceps MF j^/methanol vjal 

Marter Wax 

KF Agar plates prepared 
Filter Apparatus MF ^ 
Matches 

Membrane Filters 

Discard trays and racks ^ 

Aprons protective _ 

Stereoscope 10-15X fluorescent ' 
lighting 
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ERJC 





X X 


X 




X 


X 

1 


X ,^ X 

• 3 3 


X 

** 

7 


X 

5 . 


X 


3. 


4 3 


. 7 


o 


• 


t 

4 

, 1, 


1.1 


1 • 
1 

e 

6 


1 
1 




1 




• 1 


1 




X 


x' ^ X ' 

r 


X . 


X 




' 1 
X 


X • ''i X' - 

X (use for week) 


12 

X 


X 


» . 




X 


X 


X 






< 9 
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BACTERIOLOGICAL METHODS IN WATER QUALITY CONTROL PRQGRAMS ' 
M/yTERIAL &. EQUIPMENT REQUIREMENTS - , 



5-4 



NOMENCLATURE 



SUNDAY MONDAY, . TUESDAY WEDNESDAY 



THURSD/(y' FRIDAY . 



Sample Bottles 250in1 size, 
Sterile, Thiosulfate nojt 
required * 

Bottle Sterile 2-4 liters 

Cylinder 25m1 sterile. 

Cylinder 50ml sterile • . 

Cylinder 100ml sterile * ' 



' 1 



3 
1 



♦Note: Inoculate one rack wfth selected sample - - 
this will be used as instructor test tp 
demonstrate daily reading, recording and . 
procedural sequence, .' . 



PART II - INSTRUCTIONAL. PACKAGE WORKSHEETS 



The Worksheets are for guidance to the Instructor who develops the 
subject matter covered in the course, \ These Worksheets are npt . 
scripts. The Instructor will need to make extensive and detailed 
preparation in- order to perform the assigned tasks effectively and 
efficiently, .The Instructional Packages do provide a perspective ' 
on the background of each analytical procedure, .lesson-by-lesson 
learning" achievement levels the students should attain, an indica- 
tion of available audiovisual and other instructional resources, 
and an example course of action in pre-course preparation and 
classroom/laboratory instruction. The Instructor is. free po 
modify the Worksheets to meet individual needs. It should be 
noted however, that associated additions and deletions wilTthen 
be required in Sections V through XI of the Worksheet, and in 
^ Sections E and F of Part I,' ' - 

Appltcation of these Instructional Packages will help the Instructor 
' to reduce the"1;ime required for planning aniJ organizing a-^strategy 
, of preparatioa_and instruction. However, ^ time and effort are re- 
quired for physical preparations for classroom and laboratory 
instruction;, time and effort are required for rehearsals of 
Instructor performance in classroom and^ laboratory. These re'quire- 
' ments never^an, be met by- such an Instructor's Guide as this; ultimately 
* the Instructor is the key person in assuring that the student acquires 
the needed knowledge and skitls, / • , 




GUIDELINES FOR 
INSTRUCTIONAL PACKAGE WORKSHEET 

I. SUBJECT MATTER: Compliance Methodology 

II. UniT OF INSTRUCTION: Sumpary of Topic Presentation . 

III. ESTIMATED TIME: 60 minutes 

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECtlVE: Knowledge of this material 
allows the participant to be aware of regulatory requirements pertaining to 
the National Pollutant Discharge Elimination System (NPDES) and National 
Interim Primary Drinking Water Jtegulations (NIPDWR). 



V. "ENTRY LEVEL BEHAVIOR: 

A. /None required^ 
VI. INSTRUCTIONAL OBJECTIVE: 



A. ' Terminal Behavior ; The participant will be able to use federal registers 
. and pertinent EPA explanatory memos pertaining to approved analytical 

methodology for compliance with the National Pollutant Discharge Elimina- 
tion System (NPDES) National' Interim Primary Drinking Hater Regulations 
(NIPDWR). 

B. Conditions : He/she wiTl be, given the training manual, copies o^ the- 
^ . information (see VIIA), and a 60 minute explanation of their applica- 
bility and format. * * ^ ^ ^ 



C. Accepted Performance ; 
sut5j§ctrmateri9l.. 

Vlt. IHSTAuCTIONAL RESOURCES: 

A. .Available Media: 



1. One outline in the training manual 



In attendance to the lecture material covering 



a. 



Federal Register Guidelines Establisfjing Test Procedures for 
the Analysis of Pollutants. ' * 



Handouts : 



Nationar Pollutant Discharge Elimination Systejr^ NPDES: 

]) Guidelines Establishing Test Procedures, 40 CFR 136,- 
Federal Register, 12/1/76, pp. 52780*- 52786. 
A copy is at the end of this IPW^ and also an errata 
sheet. Changes were proposed 12/18/79, pp. 75028-75052 ' 
and should be finalized after January, 1981, Check- 
with your EPA Regional Quality Assurance Coordinator 
to see if the finalized Guidelines have been published. 
(Name and number is available from EMSL C 513-684-7301). 
The Coordinsttor can supply^^copies to you. 



O*\ipw.2a,11.80 
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2) . Summary of protocoTs to apply for approval of an afternative 
. . . test procedure for ^regulatory purposes • A copy is at the 

. - ' wid of th1s:iPW0. ^ ' 

^> 

3) EPA - EMSL tnei^o on "Use of Ch'eraical Test, Kits for Compliance 
Monitoring". A copy is at the-^end of this IPW. 

4) EPA - EMSL memo on "Use of ^'Prepared" Reagents in NPDES 
Compliance." A copy is at the .end of this IPW. 

- • 

b. National Interim Primary Drinking Water -Regulations _ NIPDWR: - 

• 1) NIPDWR, 40 CFR 141, federal Register, 12/24/75, pp 59566- 
59574. A copy is at the end of this IPW. ^ " 

2) Amendments t6 NIPDWR were proposed 7/19/79, 40 CFR Part 141 ; 
Federal Register, 8/?7/80, pp 57332 - 57346. Copies of pp. 
' - 57343 - 57346 are at the end of this IPW. The pages contain 

the current (8/80), approved analytical requirements for 
drinking water analysis. Thesie include an update of the 
approved methods presented in the 12/24/75 NIPDWR and also " 
alternate analyti<:al techniques approved by EPA since that 
^ate. Check with your EPA Regional Quality Assurance Coordinate 
to get copies of any additional,' pertinent Federal Register 
notices published after 8/80. < 

B. Suggested Media: • " ^ ' *• 

OPTIONAL: Copies of the methods manuals cited for NPDfeS ejnd NIPDWR 
Qolild be avaiUb^le for display/ins[)ectlon.* 



VIII. in^TRUCTIONAL . APPROACH : 



A: Preparation for Instruction : 

1. Contact your EPA Regional Quality Assurance Coordinator to check if^ 
any federal registers pertaining to NPDES or to NIPDWR hav$ been 
issued sin^b the .ones referenced in VII A above (8/80). If so,^ 
obtain copies from the Coordinator for your class. 

^ 2. Thoroughly review all pertinenj federal |r,egister information and 
' handput materrals; Since the regulations are legally binding, it is 

imperative to import correct and current information to the participants* 

\ ' - ^ ^ ^ ' 

3. Prepare the lesson using the sequencing below or your own orgahizatior 
Y . of the material s» * 



Duplicate copies *pf all the handout materials. Most, can be copidd 
back-to-back, but be. careful to^ keep each )iandout as an entity ^o 
participants can use «ach .independent of the other. ^toTTSte the 
handouts into a packet for each participant )to minimize distribution* 
time. ^ * . , " 



Sequencing : . ^ , . 

. I* ..Hand out the packets of information. ' qq 



Introduction ■ , 

a. Choice of methodology affects validitfy and reliability of data. 

b. Analytical programs affected by fedejl-al legislation include 
those involving ppint-source discbarges (NPDES), and ' 
drinkins water (NIPDWR). j . ' 

National Pollutant Discharge Eliminatiorj System (NPDES). CAUTION: 
Use the current federal .register. The NPpES Guidelines are scheduled 
for^update after January, 1981. ^ 

a. Applicability of the regulations. Seeh2/l/76, p. 52780, paragraph 2 

b. Overview^ pf Table 1 " ^ 

1) Column 1: Alphabetical listing of parameters and units. Note • 
subcategories. 

2) Columrt'2: method listings and possibly specification of a pre- 
treatment and/or method choice, e.g. Acidity end point is to 
be pH of 8.2. 

\ * 

3) Remaining columns list sources (with page numbers) of approved 
methods. You can display copies of the cited manuals at this' 

. time and leave them, to be available for inspecting by participants 

4) Note the location (by number) of the parameters to be taught 
during the course. Also note the method to be used for course 
laboratory sessions. 

5) Note any errata (handout^ 

c. Go over highlights of applying for approval of Alternative Test 
Procedures (handout) 

1) Limited use , ' 

2) Nationwide' use 

d. Go over^<^rgtfHghts of the memo on "Use of Chemical Test Kits for-' 
Compliancafloni toring "(handout) . 

e. Not? highlights of the memo on. "Use of "Prepared" Reagents in' 
NPDES Compliance" (handout). 

' ' ' > •• , * 

Drinking Water Regulati(ws. CAUTION: Use current federal registers. 
The 12/24/75 federal rdi^lster is the current (8/80) National Interim 
Primary Drinking Water Regulation (NIPDWR^, along with the Amendments 
to NIPDWR. which were finalized 8/27/80. 

av Applicability of the regulations. See 12/24/75, p. 59566, "Water 
Systems Covered",^ and p. 59570, "Subpart A - General 

b. Maximum contaminant levels and -the discussion of sampling and ana- 
lytical requirmertts begin on pagf6 59571. 



c. The analytical methodology in the 12/24/75 regulation was updated 
and expanded in the 8/27/80 regulation. Therefore, use pp 57343 - 
57346 from th^ 8/27/80 Federal Register ^o cite the location of 
** the listing of the current approved metho.ds: 141.21 Micro- 
biological ... Requirements: (There was no change in the reference 
for the source of chlorine methodology to be used when chlorine 
risidual monitoring is substituted for microbiological testing. 
The reference in the 12/24/75 NIPDWR, p. 59572, h), is the current 
— (8/80) reference). In 8/27/80, also highlight section 141.28, 
/ approved Laboratories and section 141.27, Alternate Analytical 

Techniques. ' 

5. A 10 minute discussion period should be scheduled later to answer 
any questions, ' 

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS: 

A. For each student : ' 

1. Copies of handout materiajs 

X. IPW REAGENT REQUIREMENTS: / . 
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RUIES AND RCGUUTIONS 



• Title 40— Protection of £nvironinfnt 

CHAPTER l--€NVIRONMEfmt 
PROTtCTION AQErtCY 

SUBCHAFTCH D-~WATER .PROQRAMS 

|FRL 630-4^ 

FART 136--CIUII>E'UNES ESTABUSHING 
TEST PROCEDURES FOR THE ANALYSIS 
OF POUUTANTS 

Amendment of Reguletiont 

On June 9, 1975. proposed amendments 
to the Guidelines Establishing Test Pro- 
cedures for the Analysis of Pollutants 
(40 CFR 136) were published in the Fso- 
ERAL RcGiSTSR (40 PR 24535) as required 
by section 304(g) of the Federal Water 
Pollution Control Act Amendments of 
1972 (8$ Stat. 816. et seq.. Pub, K 92-^00. 
1972> hereinafter referred to as the Act. 

Section 301(g:) of the Act requires that 
the. Administrator shall promulgate 
tniidellnes establishing test procedures 
for the analysis of pollutants that ahall 
include factors which must be provided 
in: (1) any certification pursuant;to sec- 
tion 401 of the Act, or (2) any pWmit ap- 
plication pursuant to, section ^02 of the 
Act. SucH test procedures are to be used 
by j^ermit applicants to demonstrate that 
effluent discharges meet applicable pol- 
lutant discharge UmitaUons and by the 
States and other enforcement activities 
m routine or random monitoring of ef- 
fluents verify compliance with pollu- 
tion control measures. 

Interested persons weri requested to 
sul>mit written comments, suggestions, or 
objections to the proposed amendments 
by September 7, 1975. One hundred and 
thirty-five letters were received from 
commenters. The following categories of 
orgahizations were represaited by Uie 
commenters: Federal agencies accounted 
for twenty-four responses; State agen- 
cies accounted for twenty-six responses; 
local agencies accounted for seventeen 
responses; regulated major dischargers 
accounted tor forty-seven responses; 
trade and professional organizations ac- 
^ counted for eight responses; analytical 
instn^ent manufacturers and vendors 
accounted for seven responses; and an<- 
alytical service laboratories accoimted 
for six responses. 



fltures*' have been revised in response to 
twcnty-^ne comments received from 
State and local governments, major regu* 
lated dischargers, professional and trade 
associations, and analytical laboratories. 
Table I has been revised by : 
(l)'^The addition of a fourth column 



Support Laboratory, Cinciimati (GMSD* 
CI) 

<3) In response to three re^iuests from 
Federal, State govenunents^ and dis* 
chargers, "hardness.** may be measured 
as the sum ,of calcium and magnesium 
analyzed' by atomic absorption and ex- 



of references which idcludes procedures ^pressed as their carbonates, 
of the United States Geological Survey <4) The proposal to limit measure- 
which are equivalent to previously ap<- . ment of t€c&\ coliform bacteria in the 



proved methods. 

(2) The addition ot a fifth column of 
miscellaneous references to procedures 
which are equivalent to previously ap» 
proved methods. 

(3) Listing generi(5Qjly related param- 
eters alphabetically within four subcate- 
gories: bacteria, metals, radiologljcal and 
r^idue, and by llstii^ these subca^goxy 
headings in alphabetic sequence rel- 
ative to the remaining parameters. 

(4) Deleting the parameter ''Alglcides** 
and by entering the sihgle relevant algl- 
cide, "Pentachlorophenol*' by its cheml- 
cat name. 

« (C) Clarification of Test Parameters, 
The conditions f or 'tuialysis of several 
parameters have been more specifically 
defined as a result of comments received 
by the Agency: ^ 

(1) In response* (a five co^nmenters 
representing 3tate or local governments, 
major dischargers, oV, analytical Instru- 
ment man^acturers,'the end-point for 
the alkalinity determination ^is specifi- 
cally designated as pH 4.5. 

(2) Manual digesti<^ and distillation 
are still required a^ necessary i^relimi- 
nary steps for the KJeldah} nitrogen pro* 
cedure. Analysis a^^such distillation 
may be by N^^iri^fTcolor comparlscxi, 
titration, electrode, oj: automated pheno-* 
late procedures. 

(3) In response to eight commuters 
representative of Federal and State gov* 
emments, major dlscdiargers, ibid ana- 
lytical instrument manufacturers, man- 
ual distillation at pH 9.5 is now si>ecified 
for ammonia measurement. 

(D) New Parameters and Anglyticaf 
Proc^ures, Forty-fodr new parameteifs 
hlave been added to l^le I. In addltl<»i 
to the designation of analytical proce- 
dures fo1^these new p^ftrameters, the f<d- 
lowing modifications have been made in 



presence of chlorine to only the "Most* 
Probable Number'* (MPN) procedure has 
been withdrawn in response to requests 
from forty-five commenters including 
State pollution control agencies. i>ermit ' 
holder^, analysts, treatment plant op- 
erators, and a manufacturer of tmalyt- 
ical supplies. The membrane filter (MF) 
procedure will continue, to be an ap- 
proved technique for the routine meas- 
turement ofteoal colifiorm in the pre- 
sence of chlorine. However, the MPN 
procedure must be used to resolve con- 
troversial situations. The technique 
selected by the analyst must be reported 
with the data. 

(5) A total of fifteen objections, re- 
presenting th^ entire spectrum of com- 
menters, addressed the drying tempera- 
tures used for measurement, of residues. 
The use of ditferenMemperatures in dry- 
ing of total residue, dissolved residue and 
stispended residtj te was ^med as not allow- 
ing direct intercomparability between 
' these measurem^ts. Because r the intent 
of designating the three separate residue 
p$irameters is to measure separa'te waste 
characteristics (low drying temperatures 
to measure volatile substances, high dry- 
ing temperatures to measure anhydrous 
Inorganic substances) , the difference in 
drying temperatures for these residue • 
parameters must be preserved. 

(E) Deletion of Measurement Tech' 
niQues, Some .measurement techniques 
that had heeti protJbsed have been de- 
leted in response to objections raised ' 
during the public comment pejdod. ^ * 

(1) The proposed infr^ed sp'ec- 
trophotometric analysis for oil and 
grease has be^ withdrawn. Eleven com- 
ment^^ representing Federal^or State 
agencies and major dischasgen claimed 
that this parameter is defined by the 
measurement procedure. Any alteration 



AU comments we^ecarefulJ^ ev^^^ analytical pn)cedures. designated In re- M^Kl^rlSte^^ 
by a technical review committee. Based sponse to comments.: , m«atei Protwstion Ag^cy 

upon^the review of comments, the foUow- (1) The ortho-toUdine procedure was The proposed separate parameter 

ing principal changes to the proposed not approved for the measurement of sulfide at concentoatlons below 1 
amendments Were made:- . residual chlorine bec^us€t of its poor ac- j^jg/j^ ^ |^ withdrawn. M^lene 

iA^ i>e/l«itton«.Secti<Mi 136.2 has been curacy and precisioih Its «?Proval.had blue spectrophotometry is now induded 
amended to update references: Twenty been requested by seven commenters rep- ^ TMt I as an approved procedife for 
conmienters, representing the entire resenting major dischargers. State, or gyiflde analysis. The* Utrimetric Iodine ' 
spectrum of responding groups pointed local governments, ai\d analytical Instru- procedure for sulfide analysis nial only 
out that the references cited in ii 136.2 ment manufacturers. Instead, the N,N- ^ analysfe of sulfide-at dSncen- 

diethyl-p-phenylenedlamine (DPD) 
method is approved as an interim pro- 
cedure i>ending more intensive laboratory 
testing. It has mansriof the advantages 
of the ortho-tolidine> procedure such as 
low cost, ease of .(^ration, and also is of 
acceptable precision and accuracy. 

(2) The Environmental Protection 
Agency coiicurred wiih the American Pye 
'Manufacturers' request to, approve its 



(f 136.2(g), and 136.2(h) were out-of 
date; n 136.2(p, 136.2(g), and 136.2(h), 
spectively, have been amended to show 
followtiig editions of the standard 
*'14th Editicm of Standard 
ir the Examination of Water 
and Wast^ Water;*' **1974 EPA Manual 
of Me^ods for the Analysis of Water and 
Waste;** and "I'art 31, 1975 Annual Book 
of ASTM Standards. 



(the 

Vreferenc 



(B) Identification of Test Procedures.'^ 
Both the consent and forma^c^ 1 186^» 
*'Table I, Ltot of Approved Test Proce- 



procedure for measurement of color, and 
1 copies of the iH^ocedu^ are now available 
at the Environmental Mcmitoring and 



trations In excess of one milligram per 
liter. , / 

(F) Sample Preservation am Holding 
Times. Criteria lor sample preservation 
and sample holding times were requested 
by several commenters. The reference for 
sample pres^nmtion and holding time 
criteria i4>p}icatAe to the Table I param- 
eters is given inf footnote (1) of Table I. 

(a) Alternate Test Procedures, Cwn- 
ments pertainmg to i 136.4, Applicatl<Hi 
for Alternate/Test Procedures, included 



6bji 



variotis (ybstacies wittiin 
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these procedures for expeditious %p* 
provnl oC ftliemAte test procedures. Four 
•nalytlcAl instrument . manufacturers 
commented that by limiting of appUca* 
tioa for review and/or approral of alter- 
nate test procedures to NPDES penult 
holders, i 136.4 became an Impediment to 
the 'Commercial development of new or 
lQii>roved measurebient devices based' on 
new measurement principles. Applica- 
tions for such review and/or approval 
will now be accepted from any person. 
The intent of the alternate test pro- 
cedure is.4Q allow the use of measure- 
mmt systems which are known to be 
equivalent- to the approved test pi-oce- 
doireft in waste water discharges. 

AppUcaticHu for approval of alternate 
test procedures applicable to specific dis- 
charges will continue to^be nutde only by 
NPDZS permit holders, and i^roval of 
such applications will be made on a 
case-by-case basis by the Regional Ad- 
ministrator in whose Region the dis- 
chatce is. made. 

Applications for approval of alternate 
test procedures which are intended for 
nationwide use can now be submitted by 
W penm directly to the Director of the 
Environmental Monltorlxig and Support 
lAboratory in Cincinnati Such applica- 
tions should include a complete methods 
write-up, any literature references, com- 
parab^ity data between the proposed al- 
ternate test procedure and those already 
ai^jproved by the Administrator. The ap- 
plication should Include precision and 
accuracy data of the proposed alternate, 
tesi procedure and data confirming the 
gezieral applicability of the test proce- 
dure to. the Industrial categories of waste 
water for which it is intended. The Di- 
rector of the Environmental Monitoring 
and Support Laboratory, after review of 
submitt^ information, will recommend 
i4)proval or rejection of the applicati(m 
to the Administrator, or he win return 
the application to the applicant for more 
information. Approval or rejection of ap- 
plications for .test ^procedures intended 
for, nationwide use wUl be made by the 
Administrator, after ccnisidering the rec- 
ommendation made by the Directs* of. 
the Environmental Monltorlng.and Sup- 
port Xaboratory, Cincinnati. Since the 
Agmcy considers these procedures for 
approval of alternate test procedures for 
natKAwlde use to be interim procedtnfes, 
we will welcome suggestions for criteria 
f OT'^mpproval of alternate test procedures 
for nationwide use. Interested persons 
should subnet their written comments In 
triplicate'on or before June 1,^ 1^7 tor 
Dr. Robert B. Medz, Environmoital Pro* 
tection Technologist, Monitoring Quality 
Assurance Standardization, Ol&ce of 
Mdnitorifilr and Technical Support (RD- 
Ml>, EnvinHimental Protection Agency, 
Washington, D.C. 2046C. 

(H> Freedom of JnformaUon. A copy 
of $11 imbliC comments, an analysis by 
parameter of those comments, and docu* 
menta providing further informatidnnoii 
the rationale for the changes made In 
theT final regulation are available toe 
^inspection and copying at the Environ- 
mental Protection Agency Public. Infor- 
mation Reference Unit, Room 2922, 



ftUUES AND REGUUTIONS 

i 

Waterside Uall« 401 M Street, SW., 
Washington, D.C. 20460, during nomial: 
business hours, Tlie EPA Information 
regulation 40 CFR 2 provides that a rea- 
sonable fee may- be charged for copying 
such documents. — ' 

Effective date: The^ amendments be- 
come effective on April 1, 1977, ^ 

Dated: November 19, 1976. 

JOBlf QUAKU^, 

Acting Administrator, 
Environmental Protection Agency. 

Chapter I, Subchapter D, of TiUe'40, 
yode of Federal Regulations is ameifded 
as follows: ^' 

1. In S 136.2, paragraphs '(f), (g), and 
<h) are amended to read as follows: 

§ 136.2 Deanitiotu« 

• • • ■ •* ' • 

(f > ''Standard Methods" means Stand-^ 
ard Methodi for the Examination of 
Water and Waste Water, JAth Edition, 
1976. This publication is available from 
the American Public Health Association, 
1016 18th Street, N.W., Washington, D.C. 
20036. ' ' 

(g) "ASTM" means Annual Book of 
Standards, Part SU Wafer, Jf 75. This 
I^ubllcation is available fnmi the Aineri- 
can Society for Testing and Materials, 
1916 Race Street, Philadelphia, Pennsyl- 
vania 19109. 

Hh) "EPA Methods" means Methods 
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^ » ^ 

National E;nvironmental Research Cen- 
ter, Cincinnati, Ohio 4&268; U.S. Envi- 
ronmental Prot^tion Agency, Office of 
Technology T^rknsfer, Industrial Envis-, 
ronmental Research Laboratory. Cincin- 
nati, Ohio 45268. This publication is 
available from the Office of Technology 
Transfer. 

2. In M36.3, th$ second sentence of 
i>aragrapn (b) is amended, and a new 
paragraph (c> is added to read a.s fol- 

'Jows: 

, § 136.3 Idenliliralion of leM.pr<H*rdur<>. 
• •V • • •.' 

(b) ♦ • • Under such circumstance, 
additional test procediu'es for analysis 
of poUutants may be specified by the 
Regional Administrator or the Director 
upon the recomm<;^dation of the I^ec- 
tor of the Environmental Monitoring and 
Support Laboratory, Cincinnati. 

(c> Under certain circumstances, the 
Administrator may ai^srove, upon rec- 
ommendation by^e Director, Environ- 
mental Monitoring and Support Labora- 
tory, Cincinnati, additional ^temate test 
procedures for nationwide use. 

3. Table I of S 136.3 is revised by listing 
the parameters alphabetically; by adding 
44 new^parftmeters: by adding a fourth 
colunm iiH^ r^erences listing equiva- 
lent United~13Mites .Geological Survey' 
methods: by adding irfifth column under- 
references listing miscellaneous equiva- 
lent methods: by delewg footootef 1 



for Chemical Analysis of Water and^ through 7 and adding 24 new footnotes. 
Waste, 1974. Methods Development and re*" 6S follows: 
Quali^ Assurance Research Labori^^r, • • • - • • ^ 

Tablx Z-^IAsi of approiKd test proceiures^ 
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1. AdAir, m CtCOK »ntt- 

2. AlktlfailtT, M CftCO*, »Rtt- 

fT*n» p«rllt«r. 



S. Ammooift (m N), JuBUcnOM 
perllt«r. 



BACTERIA 

4. ^^^j^ CfM*DS number per 

£. CoUtem (feetD* iDpramM . 
of ebkdiM, number pit MO , 
ml. 

t. CoUIorm (toUl)/ number per 
100 ml* 

7. CoUtem (toiaD* inpmeneo 
^eUorlne, number Pi^lM 

5. FecAl ttreptocoed.* mimb«r 

per toe ml. 

f. Beofidine,mJUicr«mt per liter, 
la Biocbemieal ostmd dcnumjl, 
S-d (BODi), nuUlgrvna per 
^liter.^ 

11. Bromide, mUlicnuoM per IHer.. 



XleetniMtrie end point 
<pH ef 13) or pbenol* 
Sttiltitt end point 

EMfOPMlfio titration 
(mtf U pH U) aumufti 
eir tatanirted, or etoIrA^ ' 
knt anlMuted metnode. 

MaiWKl dIetniitUn *^ pH . 
%J) loDowed by neittol' 
, tltraUML elee- 
Aatomftted phe> 



1 273(4d) lie 40 



3 37S 111 

5 



S22&.; 



410 

159 413 337 HQ 

IIS 

IM OIQ . 



Oihff 
ApprovM 

method; 



•(007)' 



MPN;« menbratM fiJUr^ 
. .do.«».. 



023 -. 

fl7 ........ »<«)..— .... . 

023 



.do.» 

MPN;* membrane Alter ! 
with enrkhment 

MPN:« membrane fllten . 
pteteeoont 



016 . 
090. 
010, 

088 . 

MS 
044 
047 



»(86). 



Ox>d»tlod-«e|orimetrle ^ 

Winkler (Atlde nodlSc** M8 

tion) er electrode method. 



12. Chemkil oxyfen <_ _ 

(COD) , nilllipAmi per Uter. 

13. Ch)oride,nsinicramtperUter.. 

fooinot^^ff ar ♦nd o( tuM^' 



TlMmetrte, lodlne-lodtte.. 
Dkbromete re/lux..^ 



14 . 

20 



660 



6it?er nitraU: menorie tel- . 
trale: er ootomtted eplori- 
metrk-rerrieyatUdei 



30 
31 



804 

013 



« '<«)).. 
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lULES AND lEOUUTIOm 



Method 



Pitt vtcti 

AITM 



Otkjr 



It ChlorioAita. ofgMk «>ro- 
pottndt (eioepC pitllci4«i), 
— aiUUtrtms ptr UUr» 
U. Cbtodii»-touimMu»nmim- 
Cranisptr filer. 



Oas dirouiatusraplty 



Todora<<tric UtrtUoA. amp«r- 
oraetrlc or sUrclHoditM 
eod-polot; I>PD coJoH- 
metric or Tltdxnetrle 
metbodj (thite but 3 tro 
Interim method* peudjnc 
Abonlory tc9lhiK). 
ColorliMtnc: sprctronltoto- 
metric; or. ADMl pm- 
cedwre.** 
l>(sUUfttld(v- loJlowe^l by 
ewer nitnte tUnlloit or 

{)yrldJn|e pyruoloiie (or 
«rbUifric luUl) colori- 
loftric 

.U» . 

Whikler (AtiUe modJncft- 
lion) or elrctroUe method. 
UtotllUtlon* foUowed by 
Ion electrode; 8PADK8; 
* orautoiuattrd ooniplexone. 

SI. Ilartlnesi— TotAK &s raCO). RDTA • titration: «uto- 
miUlgranM per liter. mated coloriiiietric: or 

»lomte abeoruUoji (sum 
of Ca and Mg as tlieir 
respective tflrbon«t««). 
tt. Hydrogan n>a,(pn)» pH oolta. Kieetrometrienieaaurtment. 
31. iqaMabl aitrogMl ' (a» N), I>If eetion and dUUltotlon 
"***' foDowedbyneeelerlsattoit 
titration. . or electrode; 



, tLC'iHtir. ploUniiiit oolMUt UiUts 
or dominant ik-aft length, 
hoa, taimluaaea. parity. 
17. Cyaalde, total,ti mUligranif 
- per liter. 

0 

It. Cyanide ameitgble to cbloriii- 
atioo, mUllgra c na per liter. 

It. Pltfotred oxygeiv mUl^pant'i 
perllter. 

Ml Fluoride, mltJi|utit<t» ixrr litrr . 



mliligitamt per liter. 



MKTAU 

94. AJiunliittm~-tV>t«|, mlUtgratna 
per lit«> 

H. AkuiiliH^m-nteolTed, mUU- 
grams p#r liter. 

M. AnUmoiiy—ToUl, rolUigrauis 

parUtar. 
flr» AnttSMny— PlMoWed, mtlti- 

grana per liter. 



nillligrama 



tt. Anetdo-Tolal, 
perUttr. 

St. Araeale— I>issolred. mllU- 
grama per Utef . ^ 

10. Barinm^Tota), miU 

perUtar. 
tt. Barton— l>lai#lTed, mill- 

gTMW per liter. 

tl HeryUiom-Tottl mUllgraroa 
peruter. 

St. BeryUlom-DlaaoWed, mmt< 
graiua per liter. 

K Borou^bta], mmigraiwi per 
liter. 

tS. Borao— Dlaaotred, mflUgrama 
per liter. 

tt. Ca^Inm-^otaU mllUgrama 
perliten 

|7» Cadmium— Dl8MdTed» nmi- 
^ grama per liter. ) 

St. CaWom-ToUl, AlUttratmr 
perlltar. " * 

tt. CaMuaa-^Dteolrad, miUt- 
grama per Uter« 

#. Chrottlum \% mlBigrama per 

Utcr. • 

41. Chiamittin VI-DMred, 
milUgrama per liter. 

'41 C^ifoiukDiH-IVHAl, minigrama 
per liter. 

4t. ritroinlmtt— Dl<noIred, milU* 
giims per liter. . 

S#e footuolea tt end U Uble . 



aotom»te(hlljtesti6u aut<^ 
maM pheooiata. 

Ulgeatlon >VfoUowcd by 
atMnte^BaBipUoa m or by 
ao)otiibatHe (Rrioctirom* 
CyaiiraaB). 

0l4» mloroo filtration » (ol- 
^wed l»y releranoad meth- 
ode for total alominum. 

nigeaUonu followed by 
atomic abaorpUoo.** 

0.45 mlcrorf lIltiMkMi^'fol- 
lowed by retaranoed 
aaUiodlor total antlmoay. 

DIgeatlon foUowed by aUrer 

.^UtbyldithlocartAnMUi; 

*or alonUe abaorpUoftH » 

0:45 micron filtraUon itiol- 
lojmd by raleranoed 

^^uSetood for totAraenlo. 

DlgeaUdn^ foUowed bV 
^atomic abaorptlon.!* 

0.4Antcroi^' 
lowed 



Bli 



ageiUoA 
awrnkta 



relerinoed 

I barium, 
red by 
k»orby 



colorlroetrie 
OiiS mkrow ft 

lowed by 

method for total berylUam. 

ColorinMrie (Cureomin).... 

0.45 micron ftlir»tlon » fol- 
lowed by raftraoeed meth- 
od for total boron. 

DiCMtlontt foUowed by 
Atomie abaorpUon or by 
eoMmatrl* a>ahUona).- 

0l4S mSera^ flltf»tioa» M- 
• lowed by raferenoadmeth- 
od tor total cadmium. 

DIgeattonu followed by 
atomie abaofpUon; or 

0145 micron ftltraUoaff fol- 
' lowed by r ele r a n oad metb* 

od for total calttlum. 
RxtractSoo and atomk ab- 
aorptlon;eo)orimeiric (Bl- 

£henTtcirbaiide). 
; mterott flttratton ^ toh 
lowed by rffiranoed meth* 
od for chromium VI. / 
1>IgeatI6n» JMlawed hy 
atomteauorptlon u or bv 
eoloHmetrie (Plpbenyf- 
carbasldeX. ^ 

0146 mMn filtration n fol- 
lowed by reterenoed metli- 
od for total chromium. . 
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44. CoMt-'n>UI,mlUIcrtintp«r 

41. C«lwIt-Dliiolr«<l, *inUU- 
grftmtp«rUUr. 



41 Coppef-'ToUI, 
perUUr* 



niillifrftnis 



47* Copp«r— TiU^olred, miUl- 
tnm pt Itter. • 



Jolil. luUIlffrfttas per 
Total, mOKfTtint 
iuIUIfr»o)f per 



41. Ifldlui 

9$, Uoa^Ti 
UUr. 



13. LeAd^-TotaU niUJifranis' per 

SL tMd-Dlssolrea, mUllfnuiu 

6t >IaitMtIum— Total. . nOUl* 
crams per Ut«r. ' « 

6&. MMn«alnm— DUsolrod znllU- 
Cranu per IU«r. 

£C UanitaneM -Total miUigrams 
perUter. 

^7. Maf^tancw-DiffAivca milU- 
frauif per Utcr« 



ii. Mercury—Total, mflUfrana 
pcrUte^. 
Mercorr— DittolTca, 
gr^pcruur. 



Dlc«tlonU foUowod by 

atomic abiorptioo.u 
a43 mlenm mnittonti foi^ 

lowtd by raftrenead in«(b* 

od lor total cobalt 
DiiMtlonu roUowcd by . IQt 

atomic absorption i« or by 

colorlmetrlo (Hcoctt- 

prolna). 

0.4i micron nitration " fol- 

lowed by referenced metb- 

od tor total copper. 
UlteitlenU followad hf 

atomic absorption.** 
Digestion » followed by 

atomic abiiorpuon.M 
Digestion ^ lollowed by liO 

auniilc absorption >* or by 

cokvimetric (rhenantliro- 

line). 

0.4i micron flllratlon n fol- 

lowed by referenced nieili- 

od for total iron. 
Digestion u followed by m 

atomic absorption or by 

colorlraetrielDlthixone). ...w 

0.45 mieron filtration " fbl- 

lowed by>eferenced metli- 

od for toUl lead.* 
Digestion » followed by 114 

atomic absorption; or 

gravimetric 
0.45 mkron filtration " del- i 

lowed by ' referenced 

method for total niHiie- 

slum* 

DSeetion » followed by 111 

atomic abeorptton 1* or by 

oolorlmetrlc (Persoifate or 

periodate). 
0l45 micron filtration n fol- , 

lowed by referenced 

method for total manga* 

m 



la ^»46 ao »(I7) 




S45 tt«(419>)*(l7) 

.94 391 



148 MS 101 <(4U) 
908 . IN 



-la 845 10^ t((i|) 

S15 ^ 



la 145 100 <(81D 

221 



148 848 / 111 - Hm 
215,327 «. 



atomic abeorp* 

tlon. . 

0l45 micron filtration n (oh . 
]bwed by rffereoeed 
^ method for toUl mercury. 

881 M^ybdemim-ToUO, nUU- DtoeetlonU followed by 

atomic abeorpiloa." 

0.45 micron filtration fol- . 
lowed by referenced 
method for total molybde- 
• k. mtm* 
mlulr^mi DligtfUonU followed by 
atomic abeorpUonM or by , 



jtrams per liter. 
81. Motybdentim-DiMolred, 
rollUtramt per liter. 



158 m «<«) 

-f 

118 8^ 



«t NIckel-Tota], 
per liter. 



141 



148 7848 m.J ^ 



81. Nlckel~Dis«»lred. 
pams per liter. 

84. Osmlomr-TetaL 

perlltKl. 
8^ FaUaditWH-Total, 

perUtir. 
88. PtaUnum— Total, 

pcrUter. 
87. PotaMlom^Tola), 

per liter. 



mOUtraina 
mluigramt 
mJiUgnuBi 
lUlQIgrama 



cok)rlmetrlc«(Heptoxlm«). 
a45 micron filttaUon » fol- . 

lowed by iWteenced 
. method for total nlekeL 
DigesUon u f<mowed by . 

atomic abaorptton." 
DIftftlon u followed by . 

atomic abaorpUon.i» 
Dicestion » IbUowed by . 

atomic aboorptlou.** 
Digestion » followed by 



148 



88. Potaselnm— DlsK^ved. mull- 
grains per liter. 

88,- ]Uiodlnm--Total, mJUIgrami 

per liter. 
78i Rathemnm-TeUU mHU* 

grama pec liter. 
7L SeMoloa^Total, mUUcrama 

perUter. 
72. sJSnhim-DisMlTed, mllU- 
grama per liter. 

71. 8IU«a--DiiMolTed, miUigfams 
per Uter.*^ 

74. 8Urer-TotaU» mJUigrama 
per liter. 

78^8tfrer~DIs»olred»« mllll- 
,^ grama per liter. 

Tt, 8adlom--Tolal, miflHraMif 
per liter. > " 

77. Sodinm-^Dtasolred, mffli- 
grami per liter. 

footaotea at end ot taMo 



atomlo absorption, Mlcri* 

metrle(CobaltlnItrlte),or 
by fiama photometric 
0.45 mieron filtration » fo^ .. 
lowed by referenced roeih- 
or for total potasslifm. 
Dlgcatkmu UAUxwtd by.. 

atomle absorption M 
Digestion u followed by.. 
% atmhlc abeorptlon.1* 
Digestion It followed by 

atomic abaorpUon.M tt 
&4S micron flltiaUoo f fol* . 
lowed by referenced meth- 
od for total seleniom. 
&45 micron filtration i 
lowed by colorlmetrfo 
■ rbddamcaU). ^ 

followed by 



184 •! 



Ofolyl 
Digestion u 




158 



atomic abaorpilon ^ or by > 
eolorlmetrio (Dlthlsooe). / 
0l4S mlcfon filtration ^jMf- 
lowed by refor4nced meti 
od for total sUrer. / 
Digestion u followed /by 
atomic absorption or by . 
flame pliotometric- / 
0.45 micnm flltrattoc/" fol- 
lowed by referendjd metb-> 
odfortoUlsodlu 
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Tf, TlMlUum— ToUl, mmitumi 

per liter. 
79. Tfiaiaiii-PMTC<1. mnii- 

cmuHperUWr. , 

Ml TIiv-Totfl), miUIfnuni per 
liur. 

•1. Tin-niMolvH. miUicrwuji 
prrlibtr. 

92, TiUuUiuu^Tutul, uUlUcroutt 
t pvrliur. 

M. TttHnlbni'-niaiolvv^, niOU* 
^ xnuns per liter. 

M. Voiiadima—Tutul, liiUUgraiiis 
per Ut«r. * 
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pi, Ziur- Totil, niillicrtnis per 
lit#<r. 
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fttoroio ftlitorptioa.** 
0.45 mkroa mtrtUoti » . 

lowed by r«lmiHxd meth- 
od for tot»l tin. 
DifMUon » foUowM by 

ftKunlc ftbsorptlon,^^ 
OM silcmn Al&mtlon » fol- . 

lowed by rf litfeiMfd m«tb« 

Dd for tot Hi tlCauiom. 
l)iffrsUoii» foUowe*! by 

fttomle Al^iorpUon or by . 

a>loriiiv>Ui<' i^AlUa Add). 
0.45 iiik-ron miroUon,!' fo^ . 

lowtsi h>7j'fer«*n<^ xueth* 
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a45 niliTon tUtmtion fiil- . 
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VLuiUHlM'auionmtedeolorl* 

iin^trle (Bt:uu>iizfttloii). 
UutUd-liMUid cxtncUon 

with irlchloro-trifluoro- 

Khttiie^ravbUi^i rir. 
( 'oni h tisi 101 1*- 1 1 if rare* 1 

saeihod.o • 
Kjeldahl iiiiroc**!! iuiiiu& 

ammonia nitrofKii. 
Mftuiial or tutomated ost-or- 

blc actit>reductton. 
<:»5cliroi».ttofrapli} w^. 
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K4I)I0IJ9»P*AL 

Oy. AU>I.A-Tol*l, pCi per Uu*. . 

lOa jUpb*— Toontint error, pCl 
per liter. 

Id. BeU— Total, pCi per liter.... 
MS. BetA—Countir^ error, pCi per . 
liter. 

103. ^a) Ba-Uuni—Total, pCl per 
liter.— 

ih) MKa,|K;i per liter 

MM. Totol.JuiUIxrAma per liter.... 

105. Total diMired (tUtenbJe), 

milliframa periSter. 
101. Total tWDfnM (noafllter* 
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107. (ViUkia>M,,jiniililt«ra>« liter 

or mlVfipranw per liter. 

106. Ti4al volatile, JutlllfrUM per 

liter. 

MK^. }<pecine coudot'taiuy, micro* 
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i\ 

110. Siiltete (iM ^i)4>. mmir^ 

jierliirr. < - . 

111. ^Itiite' tAic tMV.itrtVdSf per 

lit. r. 
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> Ml lAie rrlcTfiicca for U:><i$ inrlhoiU;, uulfss other nise iu)lcd, are to Brown. K., SkougttAd. M. W., and FIsIi. 
man. M. J., "Methods (or CoUecUou and Analysb of Water Samples for Dissolved Minerals and Oases/' U.S. Ueoloci* 
c*l Surrey Techniqnea otWater-Resouroea Inv.. book 6. oh. Al. (1970). 

> RPA comparable method may be foond on Indicated pace of "Offlcial Methods of Analysis of th« Association of 
omdal Analytlcai Chemists'* methods manual, mh ed. (m5). 

^ < M^ntial distillation Is not required if comparability data on representAtive effluont samples are on compauy Hie 
to show that this inrellminary distUlation &l^p is not tiece?^) , iiOM vSKt, manual distillation will be required to resolve 
atiycoiUroTersias, 

* TIm method used mtist be speclflcd. 

♦Tb©5lub«MPNisnjied. . „ 

'Slack. K.V. and others. "Methods/or ('o)U^honand Analysis of Aquatic BiolOfrical and Mircoblologii-al Samples: 
V.S. Ueo)6fical Surrey Tecliniques of Water- Kesourcesliir, book$. ch. A4 (1973)," 

• Since the membrane Alter technique OfOaily yields low and variable recovery from chlorinated wastewater?, the 
MPN method will be requhred to reeoire dby controversies. 

Adequately tested methods for benxidlne are not available. Until approved methods are available, the foliowiu{ 
interim method can be used for the estimation of betuidlnet (1) "Method for Beniidineand Its Salts in wastowaters." 
avaUal>le from Rnvironmonial Monitor! ng and Support Laboratory. U.S. Enviroiimantal Protcetion Aganey* Cil^ 
eiiinati. OtiloHsm 

»• American National StAndard on Photographic Processing Emuonts, Apr. 2. 1975. Available fwra ANSI, 1430 
Broadway. New York. N.Y. 10018. 

u Fishmao. M. J. and Brown. EuKene, "delected Methods of tho U.S. Ocoiogtcal Survey for Analysis of Waste- 
waters," (1W6) open-flie report 74-177. - ' 

" Procedures for pentachloroph^l. c]ik)rinat(kd>onanic compounds .and pesticides caiU>e obtained from the En- 
'TironmentatMonitorint and Support Lbaoratory. U.S. Environniontol Protection Agency2%:incinnati. Ohio 45208. 

u Color method (AuMl procedure) available ftom Environmental Monitoring and Support Lbaoratory. U.S. 
Eiiviroumelital Protection At ener. Cincinnati, Oiiio 45268. 

For samples suspected of havis« thiocyanate interference, momfiesium chloride is used a»the digestion catalyst. 
In tha approved teat procedure ior cyanides, the recommended catalysts are replaced witli 20 ml of asolution of 510 gA 
maneslum chloride (MgCls-^HtO). This substitution will eliminate thiocyanate hiterference for both total cyanide 
andcyauldeamendable to chlorinatlon measurements. 

uyor the determination of total metob tbe sample is not filtered before processing. Because vigorous digestion 
procedures may result in a loss of certain metals through preciptation. a less vigorous treatment Is recommended as 
flren on p. 83 (4. 1.4) of "Methods for Chemleal Analysis of Water and Wastes'^ (1974). In those instances where a 
mora vigorous digestion Is desired the procedure on p. 82 (4.1.8) should bo followed. For the measurement of the noblo 
metal series (golcT Iridium, osmium, jxilladlum, platimum. rhojiium and ruthenium), an aquare«la digestion is to bo 
substituted as follows Transfer a represenUtive aliquot of the well-mixed sample to a Qriflln beaker and add 3 mi 
of concentnted redistilled HNO{. Place the beaker on a steam bath and evaporate to dryness. Cool the boakor and 
cautiously add a 6 ml portion of aqua r<^ia. (Aqua regia is prepared immediately before use by carefully adding 3 
volumes of concentratea HCI to one volume of concentrotcd IlNOi.) Cover the beaker witli a watcti glass and return 
to tile steam tunth. Continue heating the covered beaker for 50 mln Remove cover and evaporate to dryness. Cool 
and take up tho residue in a small quantity of 1 1 HCi. Wash down the beaker walls and watch gloss with distiUrd 
water and lUter the sample to remove silicates and otiier insoluble material that could clog the atomiter. Adlust the 
volm e to some predetermined value based on the expected metal concentration. Tlie sample Is now ready for analysis. 

X As the various furnace devices (flameless A A) are efsentlolly atomic absorption tochnlques, thoy aro considered 
to he approred test methods. Kiethods of standiird addition arc to l)c followed as noted in p. 78 of *'.Met hods for Chem- 
ical Analysis of VVater and Wastes," 1974. 

V DisKured metals are deflned as those constltqienls which pass though a 0.45 nm meMibrane fUter. A pre- 
filtration is permissible to free tho sample from larger suspeadod solids. Filter the sample as soon as practical 
aftercollectlon using the first50to 100 inl to riiisetlXferiUter flask. (Qlass or plosUcfUteringappa^ ore recommended 
to avoid possible contamination.) Discard tho portion used to rinse tbe flask and collect the required volume of 
filtrate. Acidify the mtrato with 1 1 redistilled HNOj to a pH of 2. Normally, 3 ml of (1:1) acid per liter s^ould be 
sufficient to preserve the SMnples. ' 

"See "AtomicAbsorption Newsletter/' vol. 13,75 (1^74). Available from Perkln-Elracr Corp.. Main Ave, Norwalk, 
CciAi. 08832. 

>*vMethod available from Environmental Monitoring and Support Laboratory, U.S. Envlilsnmental Protection 
Agen»y, Cincinxuiti. Oliio 45288. 

Recommended methods for tlic analysis of silver in Industrial wastewaters at concentrations of 1 mg/1 and 
abOTo are inadeqxiato wiiere silver exists as an iuorgatUo hallde. Silver halides such as the bromide and chloride 
aro relatively insoluble in reagents such as nitric acid but are readily soluble In an aqueous buffer of sodium thio- 
suU&to and sodium hydroxide to a pH of 12. Therefore, for levels of sliver a^ovs 1 mg/l 20 ml of .«ample should bo 
diluted,^o 100 ml by adding 40 ml each of 2M NaiSiOj and 2M NaOH. Standards sltould be prepared in the same 
manner. For levels of silver below 1 mg/1 the recommeQded method is satls^tory, 

» An oulotnated hydrazine reduction method Is^avallable from the Envlrouniental.Monttonng and Support 
Laboratory. U.S. Environmental Protection Agency, Cincinnati. Ohio 45268. 

s> A number of such systems manufactured by various companies are considered to be comparable in their pcr- 
forman^. In addition, anotlier technique, based on combustion 'methane detection & also acceptable. 

» Uoerlitt. D., Brown. E.. "Methods for Analysis of Organic Substancesin Water": U.S. Geological Survey Tcch.- 
nlqoes of Water-Resources Inv.. book 5. eh. A3 (1972). 

« R. F. Addison and R. U. Ackman, "Direct Determination of Elemental PhOx<tplioru.i'by Oas-Llquid Cbrorna- 
toffrapiiy." "Jounuil of Cliromatpgraphy." vol. 47. No. 3. pp. 421-128. 1070. 

^ The method found on p. 75 measures only the dissolved portion while the nictliodion p. 73 nicasures only sus- 
pended. Therefore^ the 3 results must be added together to obtain "total." 

« Stevens, H, H.. FIek>7Tl F.. and Smoot, O. F.. "Water Temperature— Innnerilial Factors, Field Mcasurcinorit 
and Data Presentation U.S. (icological Survc> Trchnlques of Water Kesourcf S luv., iKwk 1 ^5)." 



.4, In { 136.4, the second sentence of 
paragraph (c) is amended by deletin&r 
the word "subchapter'* Immediate fol- 
lowing the phrase "procedure under this" 
and immediately preceding the word 
"shall" and replaced with the phrase 
"paragraph c{** and \ 139.4 is amended 
by adding a new paragraph (d). to i^d 
as follows:. 



§ 136.4 .application 
procedures. 



for uitrrntito tost 



(c> • • • Any application for an alter- 
nate test procedure under this paragraph 
(c) shall: • • 

(d) An application for approval of an 
alternate test procedure for nationwide 
use may be made by letter in triplicate 
to the Director, Envlxonmental Monitor* 



nate test procedure under this paragraph 
(d) shall: 

(1) Provide the. name and address «of 
.the responsible person- or flrnl making 

the application. 

(2) Identify the pollutant (s) or pa- 
rameter(s) for which nationwide ap- 
proval of an alternate testing procedure 
is being requested. 

(3) Provide a detailed description of 
the proposed alternate procedure. Jto- 
gether with refer^ces to published or 
other studies confirming the general ap- 
plicability of the alternate test procedure 
to the poUutantCs) or parameter(s) in 
waste water discharges from representa- 
tive and specified industrial or other 
categories. 

(4) Provide comparability data for the 
performance of the proposed alternate 



tog and Support LabcHiutory, Cincinnati,^ .test procedure compared to the perform- 
Ohio 4526S. Any application for an alter- ance of the approved test proc^ures. 



^ § 136.5 [Amended] * . 

t 5. In S 13^.5, paragraph (a) is amended 
by Inserting the phrase "proposed by the 
responsible person or firm malting the 
discharge'' Immediately .after the words 
**test procedure** and before the period 

^ Uiat ends the paragraph. 

^* 6. In S 136.5, paragraph (b) is amended 
by inserting, in the first sentence the 
phrase "proposed by the responsible per- 
son or firm making the discharge** im- 
mediately after the words "such applica- 
tion** and immediately before the comma. 
The second sentence ,of paragraph Cb) 

^is amended by deleting the phrase 
"Methods Development and Quality As- 
surance Research Laboratory*' immedi- 
ately after the phrase "State Permit 
Program and to the Director of the" at 
the end of the sentence, and inserting in 
its place U;ie phrase "Environmental 
Monitoring aiid Support Laboratory, 
Cincinnati.*' * 

7. in § 136.5. paragraph (c) is amended 
by inserting the phrase "pr^iposed by the 
responsible person or firm making the 
discharge" immediately after the phrase 
"application for an alternate test pro- 
cedure" And immediately before the 
comma; and by deleting the phrase 
"Methods Development and Quality As- 
surance Laboratory" immedfateZy after 
the phrase "application to the Director 
of the" and immediately befoj^the 
phrase "for review and recommenda- 
tion" and inserting in its place the phrase 
"Environmental Monitoring and Support 
Laboratory; Cincinnati.*' 

'-^ 8. In § 136.5, the first sentence of para- 
graph <d» is amended by Inserting the 
phrase, 'proposed by the responsible 
person or firm making the discharge/* 
immediately after 'the phrase, "applica- 
tion for an alternato. test' procedure." 
and immediately before the comma. 

The second sentence of paragraph (.d> 
is amended by deleting the phrase, 
"Methods Development and Quality As- 
surance Research Laboratory,** immedi- 
ately after the phrasej«"to the Regional 
Administrator by 'the Director of the," 
and. Imme^tely preceding the period 
ending the sentence and inserting inUts 

\ place the phrase, "Environmental Moni- 
toring and Support Laboratory, Cin- 
cinnati/* 

The third sentence of jiaragraph (d> 
is amended by deleting the phrase. 
'•'Methods Development and Quality As- 
surance Research Laboratory," immedi- 
ately after the phras^, "forwarded to the 
Director/' and immediately before the 
second comma and by inserting in its 
place the phrase, "Environmental Moni- 
toring and Support Laboratory, Cin- 
cinnati." > 

9. Section 136.5 •is amended by the 
addition of a new paragraph (e) to read 
as follows : <* 
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§ 13^5 Ap^rwMl of «Ilcrn«le te^t pro* 




le) Within ninety, da5'a of thp receipt 
the Ilirectoi ot'the £nvlronmfi$tal 
itorlng* and Sup];>ort Litboi^ry, « 
^Innatl ot an application for ^an 
nate test procedure for nationwide 
lie IMrector of the Envlronmexital 
Monitoring and Support Laboratory, 
Cincinnati shall notify the applicant of 
his recommendation to the Adn^nls- 
tratSh: to approve or reject the applica- 
tion, or shall specify additional Ijfiforma- 
tion which is required - to deter|i9ne 
.jKhether to approve the proposed^ test 
procedure. After such notlflcatid^^an 
alternate method determined by theHiSl^^^^ 
t minlstrator^to satisfy the applicable ^« 
Qulrements of part shall be approved 
for nationwide use to satisfy the re<(tilre- 
ments pf this subchapter; alter^te test 
procedures determined by the Adminis- 
trator not to meet the applicable require- 
ments of this part shall be rejected.. 
Notice of these determinations shall be ' 
submitted for publication in'the Feqesial 
REGisnR not later than 15 days after 
such notifiiNition and determination is 
_made. ( ^ , . ^ 

IFBrkxJ.76-35dW Filed ll-^a-76;8:«*nal 




r 
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^ V rJir- " ' ■ *»• ^ m-JmomoM, MciMMn, lira 

Ifc hj^jL . ..." , • 



FEDERAL REGISTER, J/OL. 41, HO. 232-WEDNESOAY^ DECEMBER 1,M976, pp. 52780-'52786 




136-.-GUIDELINES ESTABLISHING TEST PROCEDURES* FOR THE 
ANALYSIS OF POLLUTANTS ^ 

^ Amendment of Regulations; Corrections* 



Paae 
52783 

52784 
52784 

52784 

52784 



Parameter Number 
62, Nickel 




96, Phenols 



Correction or Addition 

14th ed. Standard Methods - add "232" to page 
reference opposite the colorimetric method 
designation. 

Parameter and units, change "Nitrate" to 
"Nitrite" 

Delete the present method designation*, 
"Colorimetric, (4 AAP)," and replace ft 
with the^ method designation, "Distillation 
followed" by- colorimetric, (4 AAP)." 

14th ed. standard Methods, change "582" 

to "574" . ' ' « 



Amendment; Correction* * 



lt)6. Total Suspended 
Residue 



Ifi "Method" column, after "103 to 105°C," add: 
"Glass fiber filtration, 103-105''C, post- 
washing of r^stdue." Opposite this entry, 
in the "other Approved Methods" column, 
add C537)?' Then, on page 52785, add 
footnote 27 to*read: ' "27. Standard Methods' 

• for the Examination of Water and Wastewater," 

.13th Edition, (1971)." 



♦Federal Register, Volume 42, No. 12,' Tuesday, January 18, -1577, pp. 3306-3307' 
/♦Federal. Register^ Volume 51. No.- 139, Wednesday, July 20, 1977, p. 37205 
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NPDES/CERTIFlCATIONS 
ALTERNATIVE. TEST PROC€DURES FOR LIMITED USE 



TOPIC; Application and approval for individual, permit-holders to use, alternate 
test procedures (alternate to those published in the Federil R^gistier 
for NPDES/certification purposes) for specific discharges. 

SOURCE; Federal Register, title 40, Chapter I, Subchapter D, Part 136: 

- V9I 3S, No. 199, October 16, 1973 

- Vol 41, No. 232, December 1, 1976 * ' 
A. Application for Alternate Test 'Procedures « 

^ The responsible person or firm making the discharge applies to the EPA 
Regional Administrator (RA) in the Region where the discharge occurs, 
through the Director of the State agency having permit-issuing authority. 
If the state does not issue permits, the application is sent directly to 
- the EPA RA. One must: 

1. Provide identifying information, i.e., hame, address', permit number, 
etc. 

2. ^Identify the pollutant or. parameter involved. 

3. Provide justification for using alternate procedure rather than stipulated 
test.' 

-4. Provide a detailed description of the proposed proceSure with references 
regarding the applicability to the effljuents in question. 



B. Approval of Alternate Test Procedures 



An EPA Regional Adrainistrator^RA) has the final responsibility for approval. ^ 



1.* The' State Director conducts a 
forwards the application and 



:hnical and'administriitive review^and 
recommendation to the RA. 



ERIC 



2. The RA conducts a technical artd administrative review*. 

' a. If the State Director recommended rejection for scientific/and technical * 
reasons, the RA denies the^ application and sends a copy of the rejected 
application and his decisrfbn to the applicant, the State Director and to 
-the Director of the Envirplimental Monitoring and Support U^boratory (EMSL). 

b. Before approving any app'lfdation, the RA sends a copy of the^applicat^n 
• to- the Director of EMSL fori review and 'recommendation. 

3. Prior to-90 days of receipt of the' application by the RA, the Di Vector of 
EMSL forwards to the RA a recommendation providing the scientif1c\ and ' ' 
other technical basis for acceptance. or rejection of the application. 

4. Within 90 days^^of receipt > the RA notifies the applicaht and thte appropriate 
State asf^ncy of approval or rejection, or, else specifies additional information 
required for the decision,, 

5. A copy of all approval and rejecbon notifications are sent to EMSL 'for 
purposes of national coordination. 

Oi. 



^ ' - NPDES/CERTIFiCATIONS - 

: , - ALtERNATIVE TEST PROCEDURES FOR NATIONWIDE USE 

JOPIC: Application and approval by any person, laboratory, manufacturer, etc.» 
for nationwide use of an alternate test procedure (alternate to those 
publlshea in the Federal Register for .NPDES/Certifi cation purposes). 

SOURCE; ,J;ederal Register, Title 40, Chapter I, Subchapter D, Part 136, Vol 41. 
• - -No. 232, December 1, 1976 ' , ^ 

A. Application for. Alternate- Test Procedures 

Any interested person, laboratory, manufatturer, etc;, applies to the 
' Director,; Environmental Monitoring and Support Laboratory (EMSL), Cincinnati. 
Ohio 45268. One must: ... _ ^ 

1. Provide identifying information, i.e.,. name and address of the responsible 
person or firm. ' . 

2. Identify the pollutant(sJ or parameter (s) involved. 

^ 3. Provide a detailed description of the proposed procedure with references 
regarding its applicability. . . » , - 

.. 4. Provide comparability data (proposed procedure- compared to procedure- ' 
published in the Federal Register). 

B. Approval of Alternate Test Procedures 

The Administrator of the U.Si Env^ironmental Protection Agency has the final . 
responsibility for approval. " " . ' 

1. The Director of EMSL conducts a technical review. 

Z, Within 90 days of receipt, the. Director of EMSL notifies the Administrator 
of his recommendation to approve or reject-the. application, or else returns 
the application for additional informatjpn- reqsired for the decision.- . 

3. ^After notification of the EMSt recommendations, the Administrator determlp 

whether or not the4lternate test-jjrocedures meet the requirements set foi 
In the Federal Register, i.e./ whether the procedures aref to be approved o 
rejected. ^ - . . 

■ ^ - 

4. Within fifteen days of the notification and determination, notice, of the 
final decision is submitted to the Federal Register for pablication. 
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UNITED STATES Ef^VlRONMENTAL PROTECTlbN AGENCY 
, OFFICE OF RESEARCH AND DEVELOPMENT 
CNVIRONMENTAt. MONITORING AND SUPPORT LABORATORY 
- ^ aNONNATI. OHIO- 49268 



pAtE:' September 20, 1978 . 

SUB^: Use of Chemical Test Kits for Compliartce 
Monitoring , 



FROM: 



TO: 



Owi^ht G. Ballinger, Director 
Envlrortnental Monitoring and Supp 
Laboratory - Cincthnaii 

/ • 

Regional. Quality Assurance Coordinators 




A nurtber-vvOf RegionarXoordfnators and Permit staff have received 
inquiries concerning the use of test kits for the parameters required 
by the Effluent Guidelines and Compliance 'Monitoring Sections of PL 
92-500. This memoranduni defines the position of EMSL on these' tlst^ 
methods and contains recommendations for regional and state response 
to inquiries concerning acceptance. 

Our interpretation of Section 304(g), implemented- as "Guidelines 
Establishing Test Procedures for Analysis of Pollutants/' in Federal 
Register, Dec. 1, 1976, is that the test kits are not equivalent to 
the procedires promulgated in the Federal Register and therefore are 
subject to the requirements governing alternate procedui^s. Therefore, 
it is necessary for the applifcant tfYequest the- use of these test 
kits frbm^he appropriate Regional Administrator-^as -presented in the 
regulations. This recommendatijon is based upon the following factors: 

S^PLE PREPARATION 

^Most.of the procedures selected for 'implementation of Section 304(g) 
are' designed to measure the tota^nronstituent or element present in 
the sample or are, specifically modiffea^-ta-detepning a pre 
definied form of the substance. The test kits consTtereT^ 
generally do not utilize the nlacessary digestion or pretreatment 
required to measure the totall constituent.^ In many casisi such as 
preliminary digestion with acids or distillations, these pretreatments 
cannot be performed satisfajS^torily under field conditions. Thus, ^the 
final, result reported, when' a kit is used, is nearly alw^ less than 
the true value and acceptance if such data will lead toiwrorjg inter- 
pretation^of effluent loadings^ . . ^ / 
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, . . INTERFERENCES- 

It should be recognized that a majority of these test kit measurement 
techniques were developed for field use\on domestic wat^r supplies or 
relatively clean ambient streams and are not designed to provide for 
removal of interferences often encountered in municipal and industrial 
waste effluents. 

' ' ' ^ 

MEASUREMENT SYSTEMS i 

lx[ some cases the physical, and chemical measurement principles differ 
from those-emplpyed in the reference methods. In. addition, proprie- 
tary reagents of unkndwn composition are often provided with little or 
no information available on the reactions involved. Even though some 
of the tests are "based- on Standard Methods," a number of factors rule 
out the accepl^anc^ of the test procedures as equivalent. 

REAGENTS . 

In most catse^ the reagent cdncentrationr are not the same/is those 
described in the reference method. Volumes are genera liy pre-measut*ed 
under unkrfown conditions and addition to the sample i^often by means 
of inadcurate droppers or pipets. In short, the quality and quantity 
of reagents is under the direct control of th^analyst, as 
required\by gpod analyticaKtechnique. 

CALIBRATION^'AND COLOR MEASURE MENT 

^ 1nost test kits a comparatively, sim^ photometer is provided or 
available light is used*to,measurexolor intensity. Calibration/^^ 
scales are supplied by the manu:f«dturer based upon factors dev^oped 
under *ideal conditions in Ws^aboratory, and recalibration is 
difficult or not reconmepd^d; 'No provision is made for changes in 
reagent composition duetto' inadequate quality control in manufacturing 
or adverse storage conditions/^ The photometers usually available will 
not accept cells of /sufficient path length to achieve the required 
sensitivity, and sealed standards incorporated lih the kits are subjecj 
to changes in color wij:h time. Finally, the band pass of these 
pKotometers is generally too wi^e for accurate measurement of the 
appropriate wavelength. . 

* ■ DATA REQUIREMENTS FOR ALTERNATE TEST PROCEDURES 

When consideration of the above factors" are not sufficient to rejecl 
an application .for use of test Kits, a request should be idade for 





•3- 

^ , \ 

comparative data 'upon which to jxidge the applicability of the- alterna- 
tive procedures^ The attached protocdl is reccrfended In developing 
-the ^necessary information. The regulations reqiHre that the alternate 
^procedures, be used on the wa^te being monitored and that application 
oe wade to the Regional Administrator or State Oirecto)^ having 
jurisdiction over the^permit issuance. 

It is recogniied that under unusual conditions the applicant maiy, have 
difficulty obtaining comparative data because of lack of laboratory 
facilities, at remote" locaticms. ' Even in, these cases, the applicant, 
should be urged--to obtain adequate data by having the necessary work 
done at^a base laboratory or on contract* The 'acceptance of alternate 
prbceduVes withput supporting laboratory results may sign-ificantly 
weaTcen the pollution control /efforts intended by PL 92-500. 

, Tne use of fie,ld test kits, ^ as with other alternate procedures, should 
be considered on. a case-by-^case basisj\with judgment based on all of 
the factors involved* No blanket acceptance of test methods will be 
recoflmended ^jnless a Targe volume of data have been accumulated 
clearly showing that the use of the specific alternate procedure on a 
wide variety df sample types will provide test results equivalent In 
precision and accuracy to* the reference methods. When such^data are 
availabTe; the method wil] probably be Incorporated in amendments to . 
the listing of Dec. .1, 1976, making further substantiation unnecessary. 

• * 

Attachment 



,cc: Walter G. Gilbert, Director 

National Training & Operational Technology. Canter 
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Attachment 



I 



t)ATA RJEQUIREMENTS 
NATIpNWiDE APPROVAL OF\ALTERNATE TEST PROCEDURES 

T) Five Industrial (discharge) sources l^ntifled by Standard Ifldu§tri 
un^isslflcatlon (SIC) co4e or five drinlcjing water spurces, 

2) Six samples from each source. 

3) ,^ur replicate analyses each by the proposed and kpproved method. 



Sources 
5 X 



Samples 



Replicates 



^ DATA REQUIREMENTS 
UIMITEO USE APPROVAL OF ALTERNATE 

STATE OR REGIONAL USE 



TEST PROCEDURE 



1) Five sources. * • ' 

2) Three samples from each source. * ^ 

3) Four replicate ei^alyses each by the proposed |md approved method. 



Sources Samples ' Replicates 

S X 3 X 4^ 



Methods 
2 
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Dm REQUIREMENTS 

, • ■ LIMITED - USE APPROVAL OF ALTERNATE TEST PROCEDURE - 

. ^ PERMIT HOLDER OR DRINKING WATER SYSTEM ^ 

1) Three samples from each source. ' " ' 

2) Four replicate analyses each fciy the proposed and approved method'. 

Sources ^-^ /Samples Replicates Methods 

1 * 

1 X 3 . X . r4 ■ X • 2" 



. STAflSTlCAL PROTOCOL 
APPROVAL OF ALTERNATE TEST PROCEDURES 

1) Calculate, basic Statistics of mean and standard" deviation. 

2) Test for outliers. \ 

3) ^'>i^quency coUnts and histogratn to check dl^stribut-j^^. | 

4) Co^hranstest for equality among w1th1n-sample standard deviation. 

5) /-test for equality of pooled within-sample variances. 

6) T-test for equality of method Ineans. 



1^ 



vSSSSSJ UN1TED,STATES ENVIRONMENTAL PROTECTION AGENCY 

, OFFICE OF RESEARCH AND DEVELOPM.ENT . ' 

- ENVmONAlBNTAl. MONITOR'ING AND SUPPORT LABORATORY 

ONCINNATI. OHIO 49268 

..DATE: September 20, 1978 

SUBJECTx^Use of ^Prepared" Reagents 1n NPDES Compliance ^ 

. FROM: , Dwight G. BalUnger. ii\T^ctw 

/Environmental Monitoring and Suppot4 ' • 
Laboratory - Cinclnnat'l . ' 

TO: Regional Quality Assurance Coordinators 

We encourage the use of pre-prepared solutions and standards by sewage 

treatment plant operators and others for their required- compliance * 
^ monitoring activities, -providing such solutions have been prepared 

according to the reagents section of the approved. methods cited 'in the * 
\ Federal Register of December TT 1976. We would, however, be opposed to 

the u^e pf commercial reagents that are' of unknown composition. 

In allowing the use of known pre-i^r^ared solutions and standards, we < 
strongly reconmend that the follwing quality control checks be observed 
to insure their vStlidity: 

1. Date all solutions upon receipt of shipment,' store in separate, 
- appropriate area, and observe stated shelf life. 

2. Verify that solutions and standards are valid by- 1n1t1.il Iv 
checking them against a quality control check san^le ava4jable 
from EMSL through the appropriate Regional QA Coordinator/^ 

^ " ' These check samples are available for most of the common 

i - measurements required In the NPDES. They are shipped In a 

sealed vial as a sample concentrate with the actual composition 
~ . be1ng«prov1ded In a separately sealed envelope. 

3. 

3. Verify that these solutions are stable on a routine basis by 
. ^ pertbdlcally comparing them against a quality control check 

sample or a standard from another source. 

-cc: Walter G. Gilbert, Director 
. National Training i Operational Technology Center 
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RULES AND REGULATIONS 



Titte 40 — Protection of Environment 

CHAPTER ENVIRONMENTAL 
PROTECTION AGENCY 

SUBCHfFTER O— WATER PROGRAMS 
IPRL 464-7 1 

PART 141— NATIONAL INTERIM PRIMARY 
DRINKING WATER REGULATIONS^ 

On March 14. 19%, the Environmental 
Protection Agency (ERA) proposed Na- 
tional Interim iPrihiary Drinking Water 
Regulations pursuant to sections 1412» 
1414, 1415. and 1450 of the PubUc Health 
Service Act ("the Act"), as amended by 
the Safe Drlnlclng Water Act (**SDWA," 
Pub, li. 93-523). 40 PR 11990. EPA held 
public hearings on the proposed regula- 
tions in Boston, Chicago, San Francisco, 
and Washington during the month of 
April. Several thousand pages of com- 
ments on the- proposed regulations were * 
, received and evaluated. In addition, the 
Agency has received comments and in- 
formation on the proposed regulations 
from the National Drinking Water Ad- 
visory Council, the Secretary of Health, 
Education, and Welfare, and from num- 
erous Olivers during meetings with repre- 
sentattves of-tState agencies, public in- 
t^est groups and others. " ^- * 

The regulations deal only with the 
basic legal requirements. Descriptive 
material will be provided in a guidance 
'manual for use by public water systems 
and the States* 

The purpose of 4hls preamble to the. 
flnal regulations is to summarize the most 
signlAcant cKang6s made in the proposed 
regulations as a result jof comments rc-^ 
ceived and the furtfier consideration of 
available information. A more detailed 
discussion of the comments and of 
changes in the proposed regulations is 
attached as Appendix A. 

Waxier Systxms Covered 

The Safe Drinking Water Act applies 
to each "public water system." which is 
denned in Section I40K4) of the Act as • 
"a syste^n for the provision to the public 
of piped water for human consumption, 
if such system has at least fifteen service 
connections or regularly serves at^least 
twenty-five individuals." Privately owned 
as well as publicly owned systems are 
covered. Service "to the public" Is inter- 
preted^by EPA to include factories and 
private housing developments. (See gen- 
erally. House Report, pp. 16-17.) 

The definition of "public ^ater sys- 
tem" proposed in the Interim Primary 
Drinking Water Regulations sought to 
explain the meaning of the statutory 
reference to "regular" service. It was 
proposed to interpret this term as includ- 
ing service for as much as three months 
during the year. Because the proposed 
definition would have excluded many 
large campgrounds, lodges, and other 
public accommodations which serve/ 
large numbers of tourists but which are 
open for slightly less than three months 
each year, the definition in the final ver- 
sion covers systems serving an average of 
at least twenty-five individuals at least 
60 days out of the year. The use of a 
minimum niunber of days rather than 



months also makes clear that a system 
may qualify as a public water system 
even if It^ts not open every day during a 
given month- 

Once "public water system" has been 
defined, it is ne'^cssary to define the two 
major types of public water systems — 
those serving residents and those serv- 
ing transients or intermittent users. The 
possible health efiects of a contaminant 
in drinking water in many cases are quite 
different for a person drinking the water 
for a long period of time than for a per- 
son drinking the water only briefly or in- 
tennittently. Different regulatory con- 
siderations may In some cases apply to 
systems which serve residents as opposed 
to system^ which serve transients or in- 
termittent users. AccoiKlingly, § 141.2(e) 
makes clear that all "public water sys- 
tems" fall within either U)e category of 
"community water systems" or the Cater 
gory of "non-community water systems/' 
To make clear which regulatory require- 
ments apply to which type of system, the 
category covered is speciflcally indicated 
throughout the regulations. ^ 
The proposed regulations deflned a 



terim Primary Drinkfng Water Regular 
tions prior to the^ effective date. 

Non-Community Systems 

"Non-community systems" are basic- 
.ally those sys^fms which serve transients. 
They include /h</tels, motels, restaurants, 
campground^, service statioris, and other 
public accondmodations which have their 
own water-system and which have at 
least 15 service connections or^ serve 
water to ^a daily average of at least 25 
person^. ^ Some schools, factories and 
churche;^ are also Included in this cate- 
gory, ly is conservatively estimated that 
there ^e over '200,000 noi^-communlty 
water/systems In the country. However. It ^ 
should be recognized that while ^their 
numoer is large, they normally are not 
ther^principal source of water foiv ihe 
people they serve.- 

/The regulations as proposed would 
have applied all inaximum contaminant 
levels to non-community systems as well 
as to community systems. This approach 
failed to take into account the fact that 
the proposed maximum^ contaminant 
levels for organic chemicals and most in- , 



"community water system" as "a public, orgj^njc chemicals \vere based on the 



water system .which serves a population 
of which percentror greater af e resi- 
dents." Reliance in the proposed deflnl- 
tion on the percentage of water system 
users who are residents would>4;^ult in 
treating som^ fairly large resoTt^ com- 
munities with many year-round resjdpntp 
as non-conununity systems. Therefore, 
the deflnltion of "conununity water sys- 
tem" has been changed to cover any sys- 
tem which serves at least- 15 service con- 
nections used by year-round residents or 
serves at lesist 25 year-round residents. < 

^MALL Community Water Systems 

Many community water systems in the 
coimtry are quite small. Since it is the 
intention of the Act to provide basically 
the same level of health protection^ to 
residents of small communities as to 
residents of large cities, and since a num- 
bePr of advanced water treatment tech- 
'niqu^s are made feasible only by eco- 
nomies of scale, the cost of compliance 
with ^e .requirements of the Act mi^ 
pose a serious problem for^many small 
communities. The regulations seek to 
recognize the financial problems of small 
conUnunitles by requirlrg more realistic 
monitoring^ for systems serving fewer 
than 1,000 persons. Variances and ex- 
emptions authorized by the Act can also 
assist in dealing with eco*^omic problems 
of small community systems in appropri- 
ate cases, at least temporarily. EPA will 
provide technical assistance on effective 
treatment techniques which can be used 
by small systems. 

/These methods of dealing v;ith tlie 
nancial problems of some small* com- 
munity system^ may not be sufficient in 



potenjtial health effects of lopg-tennex- 
posure. Those levels are not necessary 
to pr;otect transients or intermittent 
users.' Therefore,: the final regulations 
provide that maximiun contaminant 
lev^ for organic jchemicals, and for in- 
organic chemicals other than" nitrates, 
ar^ not applicable to n on -community 
syst^s. An exception was made for ni- 
trate because they can have an adverse^ 
health effect on susceptible infants in % 
short'perlodof time. 

Even without monitoring for organic 
cheniicals or most inorganic chemicals, 
in the initial stages, of implementation 
of the drlnlclng water regulations, mon- . 
.Itoring results from texts of thousand^ of 
non-community systems could" over- 
whelm laboratory capabUities and other 
resources. This could delay effective im- 
plementation of the regulations with re- 
spect to the -community systems which 
provide the water which American! 
^rink every day. To avoid this result, 
non-community systems will be given 
two years after the eftectlve date of the 
regulations to commence monitoring. In 
the meantime, non-community systems 
which already monitor their water are 
encouraged tp continue to do sd and the 
Staties are encouraged to take appropri- 
ate measures to test or require monitor- 
ing for non-community systems that 
serve large numbers of people. 

Of course, non-commimlty ^systems 
which pose a threat to health should be 
dealt* with as quickly as possible. The 
maximum contaminant levels applicable 
to non-commimity water svstenls there- 
fore will take effect 18 months after pro- 
specTflc Instances to make compliance /mulgation. at the same time as levels ap- 
%\th all applicable regulatory require-/ pllcablc to conununlty systems. InspeC- 
ments feasible. EPA is commencing aUtion and enforcement authority will ap 



study of potential problems faced by 
small community systems Int meetinif ap- 
plicable requirements under the Act and 
these regulations, and, if necessary^ will 
make additional adjustmcgits in the In- 



ply to non-community systems at the 
same time as to community systems. 

Sanitary Surveys 

EPA encourages the States to conduct 
sanitary si^rveys on a systematic. basis. 
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These on-site inspectiojiS'Of" water sys- 
tems are more effective in assuriiig safe 
water to the public than mdividual tests 
taken livthe absence of sahitao' surveys. 
The regulations provide that monitor* 
Ing frequencies for conform bacteria can 
be' changed by the entity with primary 
enforcement responsibility for an indi- 
vidual non-comftnmity system, and in 
certain circimistances for an indniduni 
community- system, b^sed on Uie results 
of a sanitary survey.' . 

Maximum Contamxkant Leveis 

Numerous comments were received by 
EPA on the substances selected for the 
establishment of ntaximum contaminant 
levels and on the levels chosen. Congress 
anticipated that the initial Interim Pri- 
mary Drinking Water Regulatioiis would 
be based on the Public Health Service 
Standards of 1962, and this Congres- 
sional intent, has been followed. Com- 
ments received on the various levels did 
not contain new data sufficient to re- 
quire the^ establishment of leveK differ- 
ent from those contained in the Public 
Health Service Standards. 

• Water Oonsumption 

The maximum contaminant levels are 
based, directly or indirectly, on ai^ as* 
sumed consumption of two litei*s of water 
per day. The same assumption was used 
in the 1962 Standards. This assumption 
has been challenged because of ii^stances 
where much higher water consumption 
rates occur. EPA's justiAcation for using 
the two-liter figure is that it already 
represents an above average water or 
water-based fluid intake. Moreover, while 
. ' the factor of safety may oe somewhat re- 
duced when greater quantities of water 
are ingested, the maximum contaminant 
levels based onthe two-liter figure pro- 
vide substantial protection to virtually 
all consumers. If. as has been suggested, 
a water consumption rate of eight liters, 
per day is used as the basis for maxi- 
mum 'contaminant level, all of the pro^ 
posed MCL's would have to be divided by 
four, greatly increasing the monitoring 
difficulties* and in some cases dhalleng- 
ing theaensitivity of accepted analytical ' 
procedures. It could be expected, in ^ch 
^ a case, that the maximimi contaminant 
levels would be exceeded to a signlfldant 
detreej^ and 4hat specialized treatment 
tedmlf ues would be reiiuired to order 
that the contaminant levels would be re- 
duced. The economic impact of a move 
In this^ direction would be enormous. It 
is not technically or economically feasi- 
ble to base maximimi contaminant levels 
on imusually high consimrfption rates. 

Satxty Pa'ctors* V 

A question was raised about the fact 
that different Uifety factors are con-- 
tained in variou s maximtmi con taminant 
levels. The levto are not intended to 
' have a uniform safety factor, at least 
partly because the knowledge of 'and tijie 
joature of the health risks of the variotis 
contaminants vary widely. The levels set 
are t&e result of experience, evaluation 
of the available data, and professional 



judgment. They have withstood the test 
of time and of^rofessional review. They 
are being subjected to further review by 
the Nt^tional Academy of Sciences in con- 
nection with development of da^ for the 
Revised Prin>nry Drinking Water ^egu- 
Intions. 

MCL's Based on Temperaturl 

A question was also raised as to 
whether ranges of maximum contami- 
nant level^should be establisiicd on tlie 
basis of tlie climate in the area served' 
t>y the pubUc water system, as was done 
with fluoride. EPA believes that the use 
of a temperature scale for fluoride is 
more appropriate tlian for other chemi- 
cals because o^ t)ie studies available ^n 
the fluoride -temperature relationship 
and because there is a small margin with 
fluoride between beneficial levels and 
Icvel^hat c^use adverse health effects 

MCL's Deleted 

Three proposed^ maximum contarai- 
nant levels have been eliminated in the 
final regulations because Uiey arc not 
lustified by the available data. One of 
these is^ carbon chloroform extract 
(CCE). which H discussed separately 
below. The others are the'proposed levels 
for the standard bacterial plate count 
and cyanide. In the case of the plate 
count, it is believed that the coliform 
limits contained in the regulations, com- 
bined with t{ie turbidity maximum con- 
taminant level, adequately deal with 
bacterial contamination. However, EPA 
^continues to believe that the standard 
p^le count is a valid indicator of 
bacteriological quality of drinking water, 
and recommends that it be used in ap- 
propriate cases in conjunction with the 
coliform tests as an operational tool. , 

IJie proposed maximum contaminant 
level for cyanide .was eliminated because 
the possibility of cyanide contamination 
can be_e|rectively addi-essed only by the 
use of emergency action, such as under 
SeeUon 1431 of the Act. EPA's 1969 Coni- 
numlty Water Supply Sjtudy did not 
reveal a single instance in which cyanide 
was present in a water system at a level 
greater than one-thousandth of the level 
at which cyanide is toxic to humans. 
- Available data indicate that cyanide 
will be present in water systems at toxic 
levels only in the event of an accident, 
such as a spill from a barge ^collision. 
Maximum contaminant levels are not 
the appropriate vehicle* for deialing with 
such rare, accidental contamination. 

Heptachor, heptachlor epoxide 
and^chlordane have also been removed 
from ihe list of maximum contaminant 
levels at least temporarily in^view of the- 
pending cancellation and suspensiqn 
proceedings under the Federal Insecti- 
cide, Fungicide and Aodenticide Act in- 
volvinir those pesticides. When the re- 
sults of these proceedings are available. 
EPA will again consider whether max}«» 
mtmi contaminant levels should be es- 
tablished for thos'b three pesticides. 

SoDitnt and' Sulfates 

. number of comments were received . 
orf the potential health effects of sodium 



oxttt 



and sulfates. The National Drinkmg 
Wat'^r Advisory Council has recom- 
mended that consideration be given to 
tlie monitoring of tliese constituents but 
has noi recommended the adoption of 
maximum contaminant levels because 
available data do not support Uie adop- 
tion of any specific levels. EPA has re- 
quested tlie National Academy of Sci- 
ences to include sodium and sulfates 
^niiong the coiitaiiiinaiits to be studied 
by NAS. and to include information on 
the licalUi eftccts of vsodiuni and sulfates 
in the report to be made by NAS ,iu- 
December 1976. . 

Since a luunbcr of persons suffer from 
diseases which arc influenced by dietary 
sodium intake and since there are others 
who wish to restrict their sodium in- 
take, it is desirable that the sodium con- 
tent of drinking water be known. Tliose 
affected can, bv know ing thif sodium con- 
centration in Uicir drinking water, make 
adjustments to their diets or, in extreme 
(a.sc.^., seek alternative sources of water 
to be Used for dnnknia and food prcpaia- 
l:on. It is recommended that the States 
ir.stjtutc propiams for regular monitor- 
lui^of the sodium tontci^ of cjlriiikmg 
water served to the public, and for 'in- 
forming plusicians ard con.suincr.s of Uie 
sodiuni concentration in drinking w^ter. 

A relativelv hiqh concentration of sul- 
fate in drinking water has little or no 
knov/n laxative effect on regular users of 
the water, but transcients using such 
water sometimes experience a laxative 
effect. It is i^econimended Uiat the Stateis 
institute monitoring programs for sul- 
fates, and that tran^ents be notified if 
the sulfate content oPthe water is high. 
Such notification should include an as- 
se.<;.smcnt of the possible physiological 
eftects of consumption of the watdr 

PCB's A NO Asbestos 

An, interagency comment expressed 
concern fpr asbe.stos and PCB's in the 
environment, and noted the need for at 
least a monitoring requiremlent. if not 
for MCL's, for these cont^inants. EPA 
is also concerned, but for the moment 
lacks suflQcient evidence regarding ana- 
lytical methods, health effects, or occur- 
rence in the environment to establish 
MCIi's. Th6 Agency , is conducting re- 
search and cooperating in research proj- 
ects to develop criteria for establishing 
needed limits as quickly as possible. A 
monitoring study on a number of organic 
chemical contaminants, including PCB s, 
for which MCL's are not being estab- 
lished at- this time, will be contained in 
an organic chemical monitoring regula- 
tion that is being^promulgated with these 
regulations. Regarding asbestos, HEW 
and EPA are sponsoring a* number of 
studies this year at an approximate cost 
of $16 million to establish health effects, 
anayltical methods and occurrence. 

Point or Measurement ^ 

Other comments on maximum con- 
taminant levels focused on the proposed 
requirement that such levels be tested 
at the' consumer's tapi Concern was ex- 
pressed over the inability of the public 
water system to control potential sources 
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of conUminftnts which arc under the 
contTjol of the consumer. 

The promulgated definition of "maxi- 
mum contaminant level/' 1 141.2(d). re- 
tains the reciuircment that the maxi- 
mum contaminant level be measured at 
the tap .except in the ca|e of turbidity, 
which should be measured at the point 
of chtry to the distribution system. How- 
ever, the definition has been expanded 
to make clear that contaminants added 
to the water by circumstances undec tiac 
control of the consumer are not the rcr 
sponslbUity of ^thc supplier of water. 
imles$ the contaminants result from cor- 
n^on of piping and plumbing resiriting 
from the quality of the water supplied. 
It ahould be noted, however, that this 
requirement 'should not be interpreted 
a« to discourage local, aggressive cross 
connef tion control^measures. 

CoiiFOKM Bacteria MCL*s 

The promulgated MCL's for colifortn 
bacteria are basically the 1962 Public 
Health Service Standards, y/ith minor 
refinements and clarifications However, 
further changes may be desirable For 
example, the MCL's for the membrane 
filter analytical method do not resolve 
the question of how many coliform bac* 
terla. are assumed to be present in a 
singlr highly contaminated sample. 
Some laboratories assume an upper limiA 
of 50, while others seek to continue to 
count individual bacteria to a level of 
100 or even higher in a ^inde .sample. 
The upi^r limit assumed will affect the 
monthly average which is cSalculated to 
determine compliance with the MCL's. 

Another question relating to the coli- 
form ^bacteria MCL's Is the matter of 
possible spurious pasitive samples. As the 
regulations are written. M routine sam- 
ples taken to determlneliompliance witli 
the MCL's must be counted. regardle.<w 
of the results of analysis of any check 
samples that may be taken. The reason 
. for this Is that bacterial contamination 
is often intermitteht or transient. and*as 
a result negative check samples taken a 
day or more after a positive sample can- 
not defhonstrate tkit the positive result 
was in error. It may be possible, however, 
to prescribe a means of dealing with spu- 
Tlous positive results wit®ut compro- 
mising the Integrity of the MCL's. . 
^ A third question eonceming the MC?L*s 
for coliform bacteria is the relationship 
of monthly averages of coliform bacteria 
levels to monthly percentages of positive 
samples. For example, the monthly av- 
erage MCL for the membrane filter 
method is violated If the monthly aver- 
age exceeds one eolifonn bacterium per 
sam^pie. However, for purpascs of tietcr- 
• mining whether the monthly-pcrcent- 
tge-of-Rositlve-samples MC?L is violated. 
% sample is counted as positive only if it 
contains more than four coliform bac- 
teria. Thus, it is possible, particularly 
when a relatively small number of sam- 
ples is taken, for a system to fail the 
monthly average MCL even when no sin- 
gle sample taken during the month is 
out of compliance with the limit. 

These and othei: questions concerning 
, the coliform bactdrla MCL's will be re- 
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vi^jwcd further by EPA. If review indi- 
cates that changes in Uie MCL's are 
desirable, those changes will be made as 
soon as possible but within 6 months, in 
time to take effect at the same time as 
the initial Interim Primary Drinking 
Water Regulations. 

^ Organic Chemicals 

* Tlie proposed maximum contaminant 
levels for organic pesticides, other than 
the three whi6h are the subject of can-^ 
cellatlon and suspension proceedings, 
have been retained. It is anticipated Uiat 
additional organic pesticides will be 
added to the regulations if surveys of 
pesticides in drlnlUng water being con- 
ducted by EPA indicate that this Is 
needed. 

The proposed regulations also con- 
tained a maximiun contaminant level for 
>of;::anic chemicals obtained by the carbon 
chloroform extract (CCE) method. It ' 
was anticipated by Congress that organic 
chemicals would be dealt with primarily 
in the Revised Primary Drinking Water, 
Regulations because of the paucity of ac'--^ 
curate data on the health effects of vari- 
ous orgapic chemicalSt the large number> 
of suQh chemicals, uncertainitles over ap- 
pi-opviate treatment techniques, and the 
need for additional information on the 
incidence of specific organic chemicals 
in drinking water supplies. EPA thought 
that the CCE standard might provide an 
appropriate I means of dealing with or- 
ganic chemicals as a class pendine" action 
on the Revised Primary Regulations. 

The CCE standard was originally de- 
veloped as a test for undesirable tastes 
*and odors fn drinking water. As concern 
developed over the health effects of or- 
ganic chemical's, the possibility of using 
CCE as a health standard rather than 
an esthetic standard was, con^idered^ 

As pointed out by numerous comments. 
CCE has manyiilllings as an indicator' 
of health effects of organic chemicals. 
To begin with, the test obtains informa- 
,tion on only a fraction of the total 
amount of organic chemickls in the water 
sampled. Furthermore, there is serious 
question as to the reliability of- CCE in 
identifying those organic chemicals 
which are most suspected of adverse 
health effects. In addition, there are no 
existinj^ data on which a specific level 
for CCK can be established on a rational 
basis. To establish a maximum contami- 
nant level under these circumstances 
would almost certainly do more harm 
than good, it could give a fal^ sense of 
security to persons served by systems 
which are within the established level 
and a false sense ol alarm to persons 
served By systems which exceed the level. 
It also would divert resources from 
efforts to find more effective ways of 
dealing with the organic chemicals 
problem. 

EPA believes that the intelligent 
approach to the organic chemicals ques- 
tion is to m^e .ahead Bfi rapidly as pos- 
^^siblc along two fronts. Flrs\ EPA is 
\dopting simultaneously with these reg- 
ulations a Subpart E of Part 141, con- 
taining requirements for organic chemi- 



cal oionitoring pursuant to Sections 1445 
and 1450 of the A^t. 

The regulations retauire that desig- 
nated public water systems collect sam- 
ples of raw and treated water for submlsr 
slon to EPA for organics analysis. E^A 
will analyze the samples for a number of 
broad organic parameters, including car- 
bon chloroform extract (CCE). volatile - 
aJnd non-volatile total organic carbon 
(VTOC and NVTOC), total organic chlo- 
rine (TOCl). ultraviolet absorbancy. and 
fluorescence. In addition, monitoring will 
be required for probably 21 specific or- , 
ganic compounds. Selection of the spe- 
cific compounds has been based on the 
occurrence pr likelihood of occurrence in 
treated water, toxicity data and availa- 
bility of practical analytical 'methods. 
Laboratory analyses will be used to 
evaluate the extent and nature of organic 
chemical contamination of drinking 
water's to evaluate the' validity of the . - 
general organic parameters as stu'rogates 
for measures of harmful organic chemi- 
cals, and to determine whether there is * 
an adequate basis for establishing maxir 
mum contaminant levels for specific or- 
ganics or groups of organics. 

Second. EPA is embafking on an inten- 
sive research program to find answers ^, 
to the following four questions: 

1. What are the effects of commonly 
occurring organic compounds oh human 
health? 

2. What analytical procedures should 
be used to monitor finished drinking 
water to assurie that any Primary Dripk- 
^ng Water Regulations dealinlg; with or- 
ganics are met? 

3. Because some of these organic com- 
pounds are formed during water treat- 
ment, what changes in treatment prac- 
tices are required to minimize the for- 
mation of these compounds in treated 
water? / 

4. What treatment technology must 
be applied to reduce contaminant levels 
.to concentrations that may be specified 
in the Primary Drinking Water Regu- 
lations? . 

This research will Ihvolve health- 
effects and epidemiological studies, in- 
vestigations of analytical methodolo^. 
and pilot plant and field studies of or- / 
ganic removal unit processes. Some^ 
phases of the research are to be com- 
pleted by the end of this year, while ^ 
much of the remainder are to be com- 
pleted within the next calendar year. 

As soon as sufficient Information is 
derived ffobi the monitoring program 
and related research, the Interim Pri- 
mary Drinking Water Regulations will 
be amended so that the organic chemi- 
cals problem can be dealt with without 
delay. The monitoring process will be 
^completed within 1 year. 

During the interim period, while sat- 
isfactoty MCL's for organic contamina- 
tion In drinking water are being devel- 
oped. EPA Will act in specific cases where 
appropriate to deal- with organic con- 
tamination. If the 'lEPA monitoring pro- 
gram • reveals serious specific cases of 
con.ta^i?JnatIon, EPA will work with State 
and Ideal authorities to identify the 
source and nature of the problem and to 
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take remedial action. EPA a]so aid 
the States In identifying additional com- 
munity water supplies th&t require 
(dialysis. • V ^ . ^ 

, PUBLtc Notice 

The public notice requirements pro- 
posed in i 141.32 did not distinguish be- 
tween community and non-community 
ic water systems. They v^ould have 
ired that public notice of hon-com- 
pliance with applicable regulations be 
made by newspaper, in water hjlU, and 
by other media for all public water sys- 
tems. .These requirements are inappro- 
priate and ineffective In the case of most 
non»community water systems. Those 
systems principally serve transients who 
do not receive water bills from the sys- 
tem and who probably are not.ex^sed 
significantly to the local media. A more 
effective approach would be to require 
notice that can inform the transient 
before he drinks the system's water» and 
thereby both warn the transient and 
arovlde an incentive to the supplier of 
water to remedy the violation. Accord- 
ingly, Section 141 32 as adoF^^ provides 
that in the case of non-community sys- 
tems, the entity with primary enforce- 
ment responsibility shall require that 
notice be given ip a form and ma'hner 
that will insure that the public using 
the public water system is adequately 
informed. 

The proposed public notice require- 
ments also failed to distinguish between' 
different types t)f violations of the In- 
terim Primary Drinking Water Regula- 

' tions. Since the urgency and importance 
of a notice varies according to the nature'^ 
of the violation Involved. § 141.32 as 
promulgated seeks to match the type of 
notice required with the type of violation 
involved. Written notice* accompanying 
a water bill or other direct notice by 
man is .required for all violations of the 
'regulations, including violations of mon- 
itoring requirements.-and for the grant 
of a varlance^c^' exemption. In addition, 
notice by newspaper and notiflcation to 
radio and television stations is required 

^ whenever a maximum contaminant level 
is exceeded, or when the entity with 
primary enforcement responsibility re- 
quires such broader notice. 

Qu«jTY "Control and Testing 
Procedures 

tSection 1401(1) of the Act defines' 
•^primary^ drinking water regulatlen" to 
Include "qualify control and testing pro* 
cedures.** The promulgated^regulatlons 
include testing requirements for tzfih 
maximum contaminant level, including 
check samples and special samples in 
appropriate cases. The regulations also 
specify the procedures to be followed in 
analyzing samples for each of the maxi- 
mum contaminant levels. These proce- 
dures will be Hpdated from time to time 
as advances are made Ih analytical me^- 
ods> For example, references tp *'8tand- 
ard Metjiods for the Examination of 
Water and Wastewater" arc to the cur- 
.rent, 13th, edition, but these references 
wm be chaiiged to cite the 14th edlUon 
when It is available in the near future. ^ 
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A key element of quality contrpl for 
public water systems, is accurate labora- 
tory analysis. Section 141,J28 of the regu- 
lations provides that analyses conducted 
for . the putpose of , determining- com- 
pUance with maximum contaminant 
leiite must be conducted by a laboratory 
approved by the entity with prun^vy en- 
forcement responsibility. EPA will de- 
velop as soon as possible, in cooperation 
with the States and other interested 
parties, criteria and procedures for lab- 
oratory certiftcationi A State with pri- 
mary enforcement \responsibility ^ 
have a laboratory certified by EPA pur-* 
suant to the prescribed criteria and pro- 
cedures, and in turn will certify labora- 
tories within the State. \ 

Record-keeping requlrenvents aijd re- 
ports to the State also will assist jn 
quality control efforts. 

Record-Keeping 

Adequate record-keeping necessary 
for the proper operation and administra- 
tion of a public water system. It is also 
important for providing information to 
the public, piovidmg appropriate data 
for inspection and enforcement activities^ 
and providing information on wliich fu- 
ture regulations can be based Accord- 
ingly, a' new § 141.33 has been added to 
the regulations to require that cac^i pub- 
lic water system maintain records of 
sample analyses and of actions to correct 
violations of the Primary Drlnking^atcr 
Regulations. 

Economic and Cost Analysis 

A comprehensive economics study has 
been made of tlie Interim Primary Drink- 
ing Water Regulations. This studV esti-^ 
mates the costs of the regulations, evalu- 
ates the potential economic imi^act. and 
considers possible material andi^ labor 
shortages. The results of this analysis are 
summarized here. « 

Total investment costs to community 
water systems to achieve compliance 
with these regulations are estimated to 
bp between $1,050 and $1,765 millioh. It 
is estimated that non-communit^ sys- 
tems will invest an additional $24 million. 
The range of the estimate is due«to un- 
certain^ as to the design How that will' 
be used in installing treatment faciUties. 
Systems not in compliance w^ll hAve -to 
consider sizing their new components to 
reflect average dally How conditions, or 
maxinium daily flow* conditions in cases 
where system storage is not adequate. ^ 

Th\i investment will be spread over 
several \ years. Investor-owned systems 
^'bear about one-fourth of these/COSts, 
and publicly-owned systems the r^ain- 
der. It is not anticipated that systems will 
have dil&culty financing these capital re- 
quirements. I 

In annual terms^ national costs a^e ex- 
p^ted to be within the following ranges: 
^ ^.^ Inmitlions 

Capital costa J- $146-24*^ 

Operatlona and maintenance ' aes-ass*" 

Mbnftorlng (routine only) 17- 36 

ToUl M2W4S 

Although these aggreffate figures are 
large, most water consumers will not be 
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significantly affecGsd. For th6se users In 
systems serving lO.Ooo persons or more, 
the average annual treatment cost per 
capita may Increase from less than $1.00 
for systems requiring disinfection and 
lead control., to between $15 to $35 for 
control of t\frbldity and heavy metal re- 
moval For systems serving less than 100 
persons^ the average annual per capita 
costs of disinfection, lead control and 
fluoride/arsenic removal are estimated to 
be between $2.10 and $11,80. However. If 
turbidity control or heavy metal removal ' 
were required in' a system of this size 
then costs are expected to range from 
$52 to $237 per year per capita. EPA is 
aware of the serious potential economic 
impact on users in these small systems. , 
However, the legislative history specifies 
that the regulations should be based on 
costs that can be reasonably afforded by 
large metropolitan or regional systems. 
Further economic evaluation of these 
systems is being conducted, and realistic 
optidns for these small systems are being 
reviewed. Options that will be undef con- 
sideration include less costly treatment 
technologies, formation of regional sys- 
tems: and use of alternative water 
sources. Industrial and commercial users, 
whcUicr providing their oivn water, or 
using ^public systems, are not expected 
to be significantly affected by these 
regulations. ' 

Possible constraints to.t^e implemen- 
tation of the interim primary regule 
lions weie examined. Although th^^e 
will be an increase in demand for^ 
icaU, manpower. laboratories,*ICndcon- 
struction of trcatn\cnt facilitiesyitis nC 
anticipated that any of these fetors wjj 
be a serious obstacle to implementation 
of these regult^tlons over a reasonable 
timeframe. 

For the reason,*? given above. Chapter 
40 of the Code of Federal Regulations is 
herel)y amended by the addition of- the 
following new Part 141 These regula- 
tions will take effect 18 months after 

prjDmulgation. — r 
"p 

(It is hereby certified thnt the economic and 
inflationary impacts of these regulations 
have been carefully evaluated ih accordance 
with Executive Order 1 1821 ) 

Dated: December 10. 1975. 

RusSEtL E. Train. 
Administrator. 

Subpart A-^nt rat 

Sec. . 

141.: AppiicAbuity. 
141.3 I^flnltlons. 
141.3 Coverage. 

141 4 Variances and exemptions. 
141* SHlng requirements. 
141 .e Effective date. 

^ubpart'^^MaxImum Contaminant Levtia 

141.11 Maximum contaminant levels for 

inorganic chemicals. 

141.12 Maximum eont«minant levels for 

organic chemicals. 
141.1$ Maximum cont«mtnant levels for 
turbidity. 

141.14 Maximum microbiological contami- 
nant levels. ' 

Subpart C^Monltoring and AnaMlcal 
Raqulrements 

141.21 Microbiological contaminant sam* 
j)Uiig and analytical requirement*. 
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141.22 Turbidity MunplLng itnd «iuayUc«l 

t,« n^uirtmenu. 
14123 XAorg*nie ch«mtc«I •ampllnr and, 

anftlytteal requirem«nV- 
14134 * Organic chemical sampling and 

analytical rtqiilremtnts. 
.141^7 AlUrnatlvt analytical t^chniquts. 
I'4l^ Approvtd latMratorlea. 
141J29 Slonltortng ot conaecuUve pubUo 

watar aytttma. 

-Subpait l>— Raparting. rutoUc NaUfkatliN^ afid 
Ilaceni4iaapkig 

i4l.3l ' Reporting rtquiremants. 

141^2 labile notification of varlanc^ea. ex. 

^ emptlons. and non?compUaAca 

with regulation*. 
141.33 Record mftLntenance. 

Autuoiutt: Sees. 1412. 1414, 1445. «nd 1460 
of the Public Health Service Act. 88 Stat. 1660 
(42 U.8.C. 300g-l, 300g-3,^OOJ-4, and 300J-9) . 

" Subpart A-r4aen«ral 

§ lil.f Applicability. ^ * 

^ This part establishes primary drinking 
water regulations pursuant to section 
1412 of the Public Health Service Act, as 
amended by the Safe Oripklng Water 
Act (Pub. L. 93-523)1 ;'and related regula* 
tlons applicable to public water systems. 

S 111^ D/Pfiniliona* ' 

As used In this part, the term : 

(a) "Act" means" the Public Health 
Service Act> as amended by the Safe 

' Drinking Water Act, Pjub. L. 93-523. 

(b) "Contaminant" baeans any physl* 
cal, chem^al, biological, or radiological 

.substaitce or matter in water. 

^ (c^ ''Maximum contaminant level" 
means the maximum permissible level of 
a contaminant in. water which Is de- 
livered ^Jto the free flowlhg outlet of the 
ultimate^user pf a public ^ater system, 
except in the case of turbidity where the 
maximum' permissible 'level Is measured 
at the point of entry to. the distribution 
system*. Cbntaminants added to the water 
unden circumstances controlled by the 
user. 'except those resulting from corro- 
sion of piping and plumbing caused by 
water quality, are excluded from this 
definition. 

(d) "Person" means an ind|vi4ual, 
corporation, company, association, part- 
nership. State, municipality, or Federal 
agency. s 

(e) ^'Public water system" means a 
system for the provision to the public 
of piped water for human '-consumption, 
if such system has itt least fifteen service 
connections or regulady. serves an avexv 
age of at least twenty-Ave Individuals 
daily at least 60 days out of the year. 
Such term -includes (1) any collection, 
treatment, storage, and distribution fa- 
cilities under control of the operator of 
uich system and used primarily in con- 
xiHtion with such system, and (2) any 

ctlon or pretreatment storage fs^i* 
ties not under such control which mre 
used p^marily in connection wUl^dkh 
system. public water tys^^m is eH^er 
a "comipunity water systei 
commimity water system.**) 

(1) "Community water 
a public water system which sex 
least 15 service connecllont used by ; _ 
round residents or regularly serves at 
least 25 year-round residents. 




(U) "Non-community water system** 
means a public water system that is pot 
a community water system. 

(f) "Sanitary survey** means an on- 
site review of the water source, facili- 
ties, equipment, operation and malnte- 
hance of a public water system for the 
purpose of evaluating the adequacy of 
such source, facilities, equipment, op- 
eration and maintenance for producing 
and distributing safe drinking water. 

(g) "Standard sample'* means the 
aliquot of finished drinking water that is 
examined for the presence of collform 
bacteria. 

(h) "State" means the agency of the 

* State government which has jurisdic-' 
tion over public water systems. During 
any period when a State does not have 
primary enforcement jresponsibility 
'pursuanrto Section 1413'of the Act, the 
term "^tate" means the Regional Ad- 
ministra^r, U.S. Environmental Protec- 
tion Agency. 

. (1) "Supplier of water" means any 
person who owns or operates a public 
water system. 

§ 141.3 Coverage. 

Thls'^part shall apply to each public 
water system, unless the public water 
system' meets all of the following condi- 
tions: 

ja> Consists only of distribution and 
storage facilities (and does not have any 
collection and treatment facilitfes) ; 

(b) Obtains a^ of its water from, but 
is not owned or operated by, a public wa- 
ter system to which such regulations 
apply: 

(c) Does not sell water to any person; 
^and 

(d) Is not a carrier which conveys 
passengers in interstate commerce. 

§ l^iA Variances and cxemptloiu. 

Variances or exemptions from c^tain 
provisions of these regulations mays^e 
granted pursuant to Sections 1415 and 
1416 of the Act by the entity with pri- 
mary enforcement responsibAity. Provi- 
sions under Part 142, National Interim 
Primary Drinking Water Regulations 
Implementation^subp&xt E (VariaticesX 
and subpart P (Exemptions) ^apply 
Where EPA has primary enforcement 
responsibility. * 

§ 141.5 ' Siting requirements. 

" Before a person may enter into a fi- 
nancial commitment for or initiate con- 
struction of a new public water system 
or increase the capacity d^ an existing 
public water system, he sHall notify the 
State and, to the extent practicable, 
avoid locating tpart or all of the new or 
expanded facility ^^t a site which: 

(a) Is subject to a significant risk 
from earthquakes, floods, fires ox; other 
disasters which could caus6 a breakdown 
of the ptiblic water system or a portion 
^thereof; or 

(b) Except for intake structures, is 
thin the floodplatn of 'a 100-year flood 

or is lowe|;Jhim i^^ high -tide.^ 

where appro^Hdate records exist. 



The U.S. Environmental Protection 
Agency will not sedc to override land use 
decisions affecting public water systems 
siting which are made at the State or lo- 
cal government levels. 

§ 141.6 Effective date. ^ 

The regulations set forth in this part 
shall take effect 18 months after the date 
of promulgation. 

Subpart B-^aximum Contaminant Levels 

§ 141.11 Maximum coniaminaht levels 
Tor inorganic chemicak. 

(a) The maximum cont&iinant level 
for nitrate is applicable to both commu* 
nity water syste^ and non-commimity 
water systems. The levels for the other 
Inorganic chemicals apply only to com- 
munity water systems. Compliance v/ith 
maximum contaminant levels for inor- 
ganic chemicals is calculated pursuant to 
f 141.23. 

<b) The following are the maximum 
contaminant levels for inorganic chemi- 
cals other than fluoride : 

Level, 
milligramM' 
Ck>ntaminant per 

Arsenic . 0.05 

Barium ' . 1. 

Cadmium ...^ ^ 0.010 

Chromium -X- 0.05 

Lead 1 0.05 

Mercury - - 0.002 

Nitrate (as N) J 10. 

Selenium 1....- o.ol ' 

SUver , , 0.05 

(c) When the annual average of the 
maximum daily air temperatures for the 
location in which the commimity water 
system is situated is the following, the 
niaxinVUm contaminant levels for fluoride 
are: 
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53.7 tnd below. 12.0ftnd bfk>w.....v. 

53.8 to 58.3 . 12.1 to 14.S . 

«.4to63.«...... ... 14.7 to 17.8 

«3.0 to 70.6.,...„... 1747 to 21.4 .... 

70.7 to 79.2 21.5 lo 30.2...,-.w..>. 

79.3 to 00.5 26JS to 32.5 



1^ 

2.0 
1.S 
1.5 
1.4 



§ 141.12 Maximum contaminant levela 
fof organic cliemieale. 

The following are the maximum con- 
taminant, levels for organic chemicals. 
They apply only to commimity water 
systems. Compliance i^iti maximum 
contaminant levels for organic chemicals 
is calculated pursuant to S 141 .24«. 

Level, 
milltgramt 
perliter 

(a) Chlorinated hydrocarbons : 

Endrln (1.3.3.4,10. 10-hexachloro* 
' , 6.7-epoxy*l.4. 4a.5.6.7.8.8a^ta- 

hydro<ri.4-eado. endo-5>8 - dl* 

methano naphthalene) . 
Lindane . (1.3.3.4.5.6-hexacbloro* 

cyclohftxji^e. ganitya isomer) . 
Meth^chlor (l.r^J^ichloro-^ 

a. T • |p-meihoxyphenyll 

ethane)! 

To'xaphtn^^C^j»Cl.-Technlcal o. 
chlorinated / camphene, 67-50 
percent chlorine)^ \ ^ 



0. 0002 
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(b) Chlor6phenoxys: 
a.4 -D. (a.4.DlcDlorophenoxyace- \0. 1 

tic acid). • 
2,4.5-TP 8UVtz_ (3.4^-Tnchloro- 0»01 

phenoxjpropldnic acid) » 

§141.13 'Maximum conlammanl IcveU 
for mrbSditjr* 

The maximum contaminant levels for 
turbidity are applicable to both commu- 
nitsfogater systems jtnd non-community 
water systems using surface water 
sources in whole or in part. The maxi* 
mum contaminant levels for turbidity 
in drinking water, measured at a repre- 
sentative »ntry point <s) to the distribu- 
tion system, are: 

(a) One turbidity unit <TU), as de- 
termiAed by a monthly average pursuant 
to \ IA\22^ e^isept that five or fewer 
turbidity units may be allowed If the 
supplier jof water can demonstrate to the 
State that the higher turbidity does not 
do any of the following: 

<1) Interfere with disinfection; 

<2) Prevent maintenance of an effec- 
tive disinfectant agent throughout the 
distribution system; or 

(^) Interfere with microbiologic) 
determinations. 

<b) Five turbidity units based on an 
average for two consecutive days pursu* 
ant to n^l.22. 

§ 141.14* Mnximum microbiological con* 
taminant levels. ^ ^ 

The maximiun contaminant levels for 
coliform bacteria, applicable to com- 
munity water systems and non-com - 
mimity water systems, are as follows: 
(tUi^Whm the membrane filter tech- 
Hiqi^e pursuant to J 141.21(a) la used, 
number of coliform bacteria shall 
t exceed oz^ of the folldwing: 
(1) One per 100 millilit^ as the. 
arlth|^etic mean of all samples^xamined 
per month pursuant to § 141^1 <b) or 

<c); , * 

. (2) Four per 100 millillt^s in taort 
than one sample when less^than 20 are 
examined per month; or / 

<3). Four perilOO milliliters in mori 
than five percent of the sampler when 
20 or more are examined per month. * 

(b) (1) When the fermentation tube 
method and 10 milliliter sts^dard por- 
tions pursuant to 1 141.21(a) are used, 
coliform bacteria shall not be present in 
anyof the following: > . e 

(i> inm than 10 percent of the por- 
tions in any month pursuant to % 141.21 
.<b) or (c); * ' * ' 
\ (11)^ three or more portions in more 
than one sample when less thi^n 20 satn^ 
pies are examined per month; or 

(ill) tliree or more porticos in more 
than five percent of the samples imen 
20 or more samples are examined/ per 
month. 

'(2) \ When the fermentation /tube 
method and 100 milliliter standard por- 
tions pursuant to 1141.21(a) srdused. 
coliform bacteria shall not^tfTpresept in 
any ot, the^foUowing: 

(1) more thto 00 percent or^he 
tions in any month pursuant to i 1^ 
(b) or (c) ; - 

(ii) five portions In more than <me 
sample when Jess than five samples are 
examined p^r month; or 



RULES AND REGULATIONS 

(iii) five portions in more -than 20. 
perceft^f the s imples when five or more 
samples are ^exi imined per month. 
^ <c) For comn unity or non-community 
systems that arrrequlred to sample at a 
rate of less thrn 4 per month, compli- 
ance with patigraphs (a)« (b) (1), or 
(b) (2) of this section shall be based upon 
sampling during a 3 month period, ex- 
cept" that, at the discretion of the ^ate, 
compliance may be based upon sampling 
during a one-month period. 

Subpart O^Monitorfng and Analytical 
Requirements 

§ 141.21 Microbiological conlaminant 
sampling and analytical require* 
menta. 

(a) « Suppliers of water for community 
water systems and non-community water 
systems shall analyze for coliform bac- 
teria for Uie purpose of determining 
compliance with \ 141.14. Analyses shall 
be conducted in accordance with the an- 
alytical Tccommendailons set forth in 
"Standard Methods for the Examination 
of Water and Wastewater," American 
miblic Health Association, 13th Edition, 
pp. 662-688. except that a standard sam- 
^ple size shall be employed. The standard 

jample used in the mem'brane, filter pro- ' 
i;^e shall be 100 milliliters. The stand- 
aro^ample used in the 5 tube most 
probable^iumber (MPN) procedure ,(fer- 
ment^Uojvtube method) shall be 5 times 
the staxraard portion. The standard por- 
Uon i/either 10 mUliliters or 100 miUf- 
li^rs as described ins 141.14 (b) and (c). 
The samples shall be taken at points 
which are representative of the condi- 
tions within the distribution system. 

(b) The supplier of water for a com- 
mtmlty water system shall take coliform 
density samples at regular time inter- 
vals, and in number proportionate to the 
population served by the system. In no 
event shall the frequency be less than as 
set forth below: ' ^ 

Minimum number of 
samples per month 
1 



Population served: 
36 to 1,000 

I. 001 to3,S00 

3,501 to 3.3Q0 

3^1 to 4.100 

4.101 to 4.M0 

4,901 to 6,800 

6,801 to 6,700 

6,701 to 7,600 

7.601 to 8.6p0 

8.601 to 9.400 

9,401 to 10,300... 
10,301 to 11,1'00.. 

II, 161 to 13.000.. 
13,001 to 12.900.. 
13^1 to 13,700.. 
13,701 to 14.600.., 
14,601 to 16.500.. 
16.501 to 16,300.. 
16401 to 17.300.. 
17.201 to 18.100^.. 
18.101 to 18W.. 
a^.901 to 19800... 
i9i0i to 20,700.. 
20,701 to 31,600... 
21,501 to 33,300... 
32,301 to 33.300... 
33.301 to 24,000. 



4 

. 6 

- 6 

7 

-- 8 

9 

10 

11 

13 

18 

14 

16 

16 

18 

19 

20 

, 2f 

"t ' 22 

23 

1 24 

26 

26 

— 37 

34,001 to 34.900 ^8 

34.901 to 35.000 29 

36,001 to 28,000 30 



28.00i to 33.000 - 

33,001 to. 37,000 

37,001 to 41.000- -i---i-.-ir-;r=^i-~--«. 

41.001 to 46»000 

46.001 to 50.000 

60.001 to 64.000 1 

64.001 to 59.000 1. 

69.001 to 64»000 , 

64.001 to 70.000 , 

70.0bl to 76.000 ^ 

76.001 to 83.000 : 

83.001 to 90.000 

90.001 to 96.000 , 

96.00i to 111.000 ^ 

111.001 to 130.000 J 

130.001 to 160.000 «. 

lOp.OOl to 190.000 

190.001 to 220.O(ia-«»^ 140 
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35 

. ^ 40 
- -46 

60 
65 
60 

r 66 

70 
75 
80 
85 
90 
96 

. 100 
. 110 
^ 120 
130 



220.001 to 250.000. 
250.001 to 290.000. 
•290.001 to 320.000. 
320.001 to 360.000. 
360.001 to 410.000. 
410.001 to 450.000. 



160 
160 
170 
180 
190 
200 

450.001 to 600.000 I "210 



500.001 to 550.000. 

550.001 to 600.000 

600 001 to 660.000 

C60.001 to 720.000 

720.001 to 780.000 

780.001 toS40.000.. 

840.001 to 910.000 

910.001 to 970.000 

970.001 to 1.050.000 

1.050.001 to 1.140.000... 
1.140.001 to 1.230.00O... 
1.230.001 to 1.320.OOO... 
I.320.00I to 1.420.000... 
1.420.001 to 1.520.000... 
1.520.0O1 to 1.630.QpO... 
14630.001 to 1.730.000. 



220 
2;}0 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 



1.730.001 to 1.850.000.. A 380 

1.850.001 to 1.970.000 390 

1.970.0OI to 2.OG0.000 ^ 400 

2.060.001 to 2.270.000 410 

2.270.001 to 2.610j000 420 

2.510.001 to 2.750.000.., 430 

2.750.001 to3.O2O.000 .'. 440 

3.020.O01 to 3.320.00O '460 

3.320.OO1 to 3.620.000 .*. 460 

3.62O.001 tc 3.96O.00O.: 470 

3.d5Q.001 to 4.310.000 1 480 

4.310^001 to;l.69p.000 490 

4,690.001 o/more '..^ - 600 

Based on a history of no coliform bac- 
terial contamination and on a sanitary 
survey by the State showing the water 
system to be supplied solely by a pro« 
tected ground water source and free of 
sanitary defects, a community water sys- 
tem serving 25 to 1,000 persons, with 
written pemiission from the State, niay 
reduce this sampling frequency except 
that in no case shall it be reduced to less 
than one per quarter. 

(c) The supplier of water for a non- 
community water system shall sample for 
coliform bacteria in each calendar quar- 
ter during which the system provides 
water to the public. Suph sampling shall 
begin within two years after the Effective 
date of this part If the State, on the 
basis of a saiUtary survey, determines 
that some other frequency is more appro- 
priate, that frequency shall be tl}e fre- 
quency required ^under these regulations. 
Such fjrequency^ihall be conArmed or 
changed^ on the basis of subsequent 
surveys. • * " • 

(d) (1) Whenthecollformbacteriaina 
single sample exceed four per 100 milli- 
liters (l 141.14(a) ) . at l€aat two consecu- 
tive daily check samples shall be collected 
and examined from the same sampling 
point Additional check samples shall be 
collected daily, or at a frequency estab* 
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mil 

. lUhed by the SUte. \mtU the results ob* 
uined from at least two consecutive 

~~ check samples show less than one coli^ 
form bacterium per 100 millUiters. 

«2> When collform bacteria occur in 
three or more id ml portions of a single 
sample <| 141.14(b) (1) )r'i^t least two 
consecutive daily check samples shall be 
collected and examined from the same 
sampling point. Additional check samsiles 
'shall be collected dally* or at a frequency 
established by the State* until the results 
obtained from at least two consecutive 
check sampl^.show no positive tubes. 

(3) When conform bacteria occur in all 
Ave of the 100 ml portions of a single 
sample <| 141.14(b) (21)* at least two 
dally check samples shall .be collected 

• and examine from the same sampling 
point. Additional check samples shall be 
' collected dally^ or at a frequency estab- 
lished by the State* until the results ob« 
.^tained from at least two consecutive 
. check samples show no positive tubes. 
. (4) The location at which the check 
samples were taken pursuant to para- 
graphs (d)'<l). (2^.or (3) of this section 
shall not be eliminated from future sam- 
pling without approval of the State. The 
results from all coliform bacterial analy- 
ses performed pursuant to this subpart* 
except those obtained trom check sam- 
ples and special purpose samples* shall be 
used to determine compliance with the 
maximum contaminantievel for collform 
bact^ as established In 9 141.14, Check 
samples shall not be included in calculat- 
ing the total number, of sampl^ taken 
each month 16 determine compliance 
with 1141.21 (b) 9r (c). 

(e) When the 'presence of collform 
bacteria fn water taken from a particular 
sampling point has been confirmed by 
any check samples examined as directed^ 
in paragraphs (d) Ul). (2)* or (3) of this 

« section* the supplier of water shall re- 
port to the State within 48 hou^s. Association^ 13th EdIUoA. pp. 350-253* or 
it) Y^en a maximtmi conUmlnant -Methods >or ChenJcal^ AnalysV of 

* ^^^n""' Water and^-Wastes*." V 29IM98* Enr 

' A (c) of S 141.14 is exce^ed, the supplier 
' of 'water shall repibrt to the State and 

notify the public as*^ prescribed in 1 141.31 

and 1 141.32. . ^ 

(g)-Spe<;lal'' purpose samples* such as 

those t&ken to detexan|ne wheUier dis-^ 

Infection pra^ices following lApe place 
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0.2 mg/1 free chlorine throughout .the 
public water distribution system. When a 
partlctilar sampling point has been 
shown to have a free chlorine residual 
less than 0.2 mg/1* the water at that loca* 
tion shall be retested as soon as prac- 
ticable and in any event within one hour. 
If the original analysis Is confirmed, this 
fact shall be reported to the State within 
48 hours. Also* if the analysis is con- 
firmed* a sample for coliform bacterial 
analysis must be collected from, that 
sampling ]?olnt fls soon as practicable and 
preferably within one, hour* and the re- 
sults dt such analysis, reported to the 
State within 48 ^ours after the results 
are known to the supplier ' of water, 
Analyses for residual chlorine sheiiyie 
n\ade in acc'brdance with "Stajidard 
Methods for the Examination of Water 
and Wastewiater*" 13th Ed.* pp. 129-132. 
Compliance with the maximum con- 
^ linant levels for coliform bacteria 
shalbbe determined on the monthly mean 
or quarterly mean basis specified in 
S 141. U* including those samples taken 
as a rekoHvOf failure to maintain the re- 
quired chloni^e residual level. The State 
may wlthdrawSits approval of the use of 
clilorine residual substitution at any 
time. 

§ 141.22 Turliidtty (rumpling and ^ti^ 
al) th'ui' roquiroineiit». - 

^ (bl) Samples shall be taken by suppliers 




of water for both community water sys- 
tems and non-community Water systems 
at a representative entry point(s) to the' 
water distribution system at least once 
per day; for.the purpose of making tur- 
bidity measurements to determine com- 
pliance with S 141.13. The me^urepient' 
shall be made by^e Nephelometric 
Method in accordance with the recom- 
mendations set f^rth in "Standard &Ieth- 
ods for >the Examiniition of Water and 
Wastewater,:* American Public Health 



§ 14K23 Itiorpiiic vU 
ami unTil>ttrHl r«*i|uti 

(a) Analyses for the purposeNof 
tei'mining complia^ice with § 141. r 
required as folldws: 

(1) Analyses for all community water 
systems utilizing surface water sources 
shall be completed within one year fol- 
lowing the effective* date of this part. 
The.<;e analyses shall be repeated at 
yearly intervals. 

(2) Analyses for all community water 
systems utilizing only ground water 
sources shall be completed within two 
yeai^ following the effective date of this 
part. These analyses shall be repeated 
at three-year intei^vals. 

(3) For non-community water systems* 
whether supplied by surface or ground 
water sources, analyses for nitrate shall 
be completed within two^ years following 
the -effective date of tAis part. These 
analyses shall be repeated at intervals 
determined by the State. 

(b) If the result of an analysis made 
pursuant to paragraph (a) indicates that 
the level of any contaminant listed in 
$J41 11 exceeds the maximum contam- 
inant level, the supplier of water shall 
report to the State within J days and 
initiate three additional analyses at the 
same sampling point within one month. 

(c) When the average of four analj^ses 
made pursuant to paragrant^ (b) of. this 
section, rounded to the same number of 
significant figufes as the maximum con- 
tammant level for the substance in ques- 
tion* exceeds the maximum contaminant 
level* the supplier of water shall notify 
the State pursuant to S 141.31 and give 
notice to the public pursuant to § 141.32. 
Monitoring after public notiilcation shall 
be at a frequency designated bythe State 
and .shall . continue until the maximum 
contaminant level has not been exceeded? 
in two successive samples or until a mon- 
itormg schedule as a condition to a 
variance, exemption or enfprcemefnt ac- 
tion shall ^ecotne effective. 

« (d) The provisions of paragraphs (b) 
aYid (c) of this section notwithstanding* 
compliance with the maximum cont^ni- 



vironmental/Proteotion Agency* OfiQce 6l 
Technology Transfer, Washington, D.C. 

20460, \9^A. ^ • L . . . , , • iiW44i>^iiaiii;c wiui ulc maximum comjfciui- 

(b) If^he result <^a turbidity anajysis in ant level for nitrate shall be determined 
indicates that the maximum aHowable^on the basis of the mean of two analyses, 
limit has been exceeded* Uie sampling ^h^n a-level exceeding the maximum. 

- , r r , . _ 1 u.„^ w^«^^^ measurement^iaUJ^ by coirtamin^int level for nitrate is found, 

ment replacement, br repair haveJ^n^sampllfV»^^ anrf a seccAidianalysisshallbelnitiated within 

5^fflcicnt. sha^l not^ uwd to 24 hours, and if the mean of the two 

comi)liance with ,| 141.14 or 1 141^1 (b)^ ^mple A)nnnns that the maximum al-. anafysfes exceeds the m^ximum^ coptam- 
or (c). ^ ftwablrliniit has bee|i exceeded the s^^^^ Inant level, the. supplier of water shall 

(h)-A supplier of water of aTa^nl.- P^fjXf?^^ report to the Sta^ ^ j-epoVt his findings to the State pursuant 
munlfty, water system or a non-c^- ? wjton 43 hours, l^e re^^^ to §141.31 and shall notify the pubUc 

munity wat^ system Jmajr» with the . be the sample used for the purpose ^f 
appfdval'of the State and rased upon a ^caleulatlng the monthly average. If the. 
sanitary, survey* sub6tiiul#»the use ot ^Aonthly average of the daily sampW 
'chlorine residuaHnonitodn'g for not 9^ro« exceeds the maximum -allowable limit, on 
than ^ percent 'of the samples ^e^KUred U.the avej^ge of two' samples taken on 
fo be taken by paragntph, (b)»^f this consecutive days ^eeds 5 TU* the suq- 

^ — ij.^ 41. 11.1 ^4 pjj.j. ^ watci:' shall report? to the Slate, 

and ^ notify the public as directed An 
§14i;31and§ 141.32. • _ 

(c) Sampling for non-conimunity 
^atT- s y s tem i sh tll^begin «^ithfn two* 
years after the^effecUve'^date of this part. 

/(d) Th'e^ requirements of this $ 141.22 
shall apply only tcfj)ublic. water systems 
whicti use water ^J^inetl ki wfiolj or in 
part from surface s^oUVces. " ♦ • 



sectioo'» Provided, Th« the supplier, oj 
water takes chlorine, residual samplesr ai 
poli^ts whljph are representative of the 
contytlons wlthUx-the | dUtrlbtttion sya- 
tern At the frequency of at ieastfour-foi 
each subaUtuted mlcrobiologibia sample. 
There shall be at least dally determlna^ 
tlons of chlorine residual* Whea the sup- 
plier of wati^ exercise the optipn pro- 
vided in this paragraph (h) of this 
sectlon*« h^,^dudI maltjM^^no ic^ than 



p^ursuanttoS 141.32. 

• * (e) 'For the initial analyses required 
by paragraph (a)(1), (2) or (3) of this 
-section, dat^^ for surface waters acquired 
within one year prior to the effective date 
and data ^for ground waters acquired 
within 3 yebrs prior to the effective date 
of this pari may be ^ubstitutM at the 
— discretion of the State. 

'(f) Analyi/es conducted to determine 
compliance with S 141.11 shall be made 
in * accordance with the following 
methods^ ^ 

(1) Arsenic — Atomic Absoiption Meth- 
od* ^'M^thods for Chemical Analysis of 
WatwN'and Wastes*'*' pp. 95-96, Environ- 
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mental Protection* Agency, Office of 
Technology IVansfer, Washington, 0.C» 
20460, 1974. 

(2> Barium — ^Atomic Absorption Me th* 
od, ''Standard Methods for tl\e Exami* 
nation ef Water and Wastewater," 13th 
Edition, pp. 210-2155 or "Methods for 
Chemical Analysis of Water and Wastes/' 
pp. 97-98, Environmental Protection 
A*gency, Office of Technology Tiansfeis 
Washington. D.C. 20460, 1974. 

(3) Cadmium — Atdmic , Absorption 
Method, "Standard Methods for the Ex- 
amination of Water 'and Wastewater," 
13th Edition, pp. 240-215, or ''Methods 
for Chemical Analysis of Water and 
Wastes." pp. 101-103, Environmental 
Protection 'Agency, Office of Technology 
Transfer, Washington, D.C. 20460, 1974. 

(4) Chromium— Atomic Absorption 
Method^ "Standard Methods for the Ex- 
amination of Water and Wastewater," 
*13th Edition, pp. 210..215, or "Methods 
for ChemiQal Analysis of Water and 
Wastes," pp. 105-106, Environmental 
Protection Agency, Office of Technology 
Tiansfer, Washington, D.Q. 20460. 1974. 

(5) Lead — Atomic Absorption Method, 
"Standard Method^ for the Examina- 
tion of Water and Wastewater,". 13th 
Edition, pp. 210-215, or "Methods for 
Chemical Analysis of Water and Wastes," 
pp. 112-113, Environmental Protection 
Ajgency, Office of Technology Transfer, 
Washingtoji, D.C^ 20460, 1974. 

(6) Mercury — Plamfless Atomic Ab- 
sorption Method, "Methods for Cliemical 
Analysis of Water and Wastes," pp. 118- 
126. Environmental Protection- Agency, 

• - Office of Technology Transfer, Wash- 
ington, D.C. 20460, 1974. ^ 

(7) Nitrate—Brucine Colorimetric 
Method, "Standard Methods for the Ex- 

^ amination of Water and Wastewater," 
13th Edition, pp. 461-464, of Cadmium 
Reduction Method, "Methods for Chemi- 
cal Analysis of Water and Wastes." 
pp. 201-206, Environmental Protection 
Agency, Office.of Technology Transfer. 
Washington. D.C. 20460, 19^4. 

(8^ Selenium— Atomic Absorption 
Method, "Methbds for Chemical Analysis 
of Water and Washes," p. 145, Environ- 
mental Protection Agency, Office of 
...Technology Transfer, Wfishington, DC. 
20460, ia74. 

(9) Silver— Atomic Absorption Meth- 
od, "Standard Metfiods for the Ex- 
amination •of *Water and Wastewater", 
I3th Edition, pp. 210-215. or "Methods 
• for Chemical .Analysis of Water and 
Wastes", p. Envirorfmerttal Protec- 
tion Agency. Offic,^ of Tec}indk)gy Tran«- 
« fer, Washington. D.C. 20460, 197.4. 

<lb) Yluorid^— Electrode Method, 
"Standard Methods for the Examination 
of Water and Wastewater", 13th Edition, 
pp. 172-174; or "Methods for Chemical 
Anajysls of Water and jiVastes." pp. 65- 
67. Environmental Protection Agency. 
Office of Technology Transfer. Wash- 
ington. D.C. 2046«. 1974. or Colorimetric 
Method with Preihninary Distillation, 
. "Standard Methods fV the Examination 
^ of Water and Wastewater." 13th Edition, 
pp. 171-172 and 174-176,' or "Metl>ods for 
Chemica) Analysis of Water ' and 
Wastes," pp. 59-60, Environmental Pro- 
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tectiwv Agency, Office of Technology 
Transfer, Washington, D.C. 20460, 1974, 

§ ^41,24 *Org«ntc ^chemical Mmplfng 
and anslytical i^equlr^mcnts, 

(a) An analysis of substances for the 
purpose of determining compliance with 
§ 141.12 shall be made as follows: ^ 

,(1) For all community water ,systerrs 
utilizing surface water sources, analyses . 
shall be completed with"i;i o4ie year fol- 
lowing the effective date. of this part. 
Samples analyzed shall be collected dur- 
ing the period of the year designated by 
the State as the period when contami- 
nation by pesticides is most likely to f 
occur. These analyses shall be repeated 
at intervals speciAed by the State but 
in AO event less frequently than at threq 
year intervals. 

- (2) For comhiunity water, systems 
utilizing only ground water sour<:es. > 
andlys^s shall be completed by those sys- 
tems specifi.ed )}y the State. ' 

(b) If the result of an anal.vsis made 
pursuant to paragraph (a) of this sec- 
tion indicates that the level of any con- 
taminant listed in § 141.12 exceeds the 
maximum contaminant level, the sup- 
plier of water shall reporP to the State 
within 7 days and initiate three addi- 
tional analyses wltUin one month. 

(c) When the average of four analy.s&s 
»inade pureuant to paragraph '(b) of this 
section, rounded to, the same number of 
significant figures as tlie maximum con- 
taminant level for the substance in ques- 
tion." exceeds. the maximum contaminant 
level, the supplier of water shall report 
to the State ]pursua;i£ to § lfl.31 and give 
notice to the public pursuant {o $141.32. 
Mointoriiig after public notificfation sliall 
be at a frequency ^leslghated by the State 
an(f*shall continue until ftho maximum 
^contaminant level has Jipt been exceeded 
in two successive samples or until a 
monitoring schedule as a condition to ^ 
variance, exemption or* enforcement ac-^ 
tlon shall becohi6 effective. . 

^ id) For the initial analysis rcquired^t 
by paragraph ta) (1) ^and ,(2)'of tlii^ 
'section, ^ata for surface water acquired 
within one year prior to the effective 
date of this i^art and data for ground 
water acquired ^l thin three years prior 
to the effective date of this part may -be 
substituted at the discretion of the State. 

(e) Ana^yses madfe to determine com- 
pliance with 9141,12(a) shall be made 
in accordance with "Method for Organo- 
chlorlne Pesticides In Industrial Efllu- 
ents." ^DQARL, Environmental Pro- 
tection Agency, Clnodnnatl, (^hi<^ Novem- 
ber 28, 1973. 

(f) Analy9€5,made to determine com- . 
pllance with i 141.12(1)) shall be con- 
ducted in accordance with ''Methods /or 
Chlorinated Phenoxy Acid Herbicides In 
Xifgustrlal Effiuents," MDQARL. Ei^ 
viionmental Protection Agency, Cincin- 
nati, Ohlo/November 28. 1973. 

§ 141,27 Alternative aiinl>tl(*at tvrlt« 
nlqucs. 

With trie . written permission of the 
State, concurred la by the Admlhlstra- 
tor of the \j.S. Envirorimental" Protec- 
tion Agency, an alternative ptialytical 
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technique may be^employed. An alterna- 
tive tibchnlque shall be acceptable only 
if it is substantially equivalent to the 
prescribed test in both precision and ac* 
curacy as it relates to the determination 
of compliance with any maximum con* 
tam^ant level. The U3e of the alterna- 
tive analytical technique shall not de- 
crease Uie frequency of monitoring re-- 
quired by this part. - 

§111.28 Approved laboratories. 

For the purpose of determining com- 
pliance with $ 141.21 through § 141.27, 
samples may be considered only if the^ 
,h^vc been analyzed by a laboratory ap* 
pioved by the State except that meas- - 
urements for tuibidity and flee clalqrine 
residual may be perforqied by any per- 
son acceptable to the State. 

§ 1 1 1.29 Moniiorirrf; of i'oiiM'rutnr/{m|i« 
• lir Hnicr Hysteius* 

When a public waiter-system supplies 
water to one or more other public water . 
^vstenis. the State may modify the moni- 
toring lequiremmts impo-sed by this 
port to the extent that tlie interconnec- 
lon of the syscms jusifies treating them* 
03 a 5inglc system for monitoMpg pur- 
l.o^e.s Any modified monitoring sjiall he 
conducted pursuant to a schedul^»specl- 
fied by the Stale and concurred in by^thp 
Administrator of the U S Environmental 
Protection Agency. ^ 

Subpart D — Reporting, Public ^^otiflcaf|Of♦ 
and Record Keeping . ^ 

§ I'll. 31 HopiirtiiiK require iiieiit4i«^ 

<a» E;cccpt where .a shorter reporting 
i^criod Is specified' In this part, the 
supplier of water .^'hall report to the State 
Within 40 days follow ing^a test^ measure- 
ment jor analysis required, to be made by 
tins part, Uie result5>.of that test, meas- 
urnnent or analysis. 
"<b) The supplier of water shall report 
to the State within 48 hours the failure 
to comply with any primary du^nklng 
water regulation Uncludlng failure to 
comply with monitoring requirement^ 
.set forth in 'this part. 

<c) The supplier of water Is not* re- 
quired to report analytical results to the 
State in cases where a State laboratory 
perform^ the analysis ^nd repprts the 
results to the State office which wotUd 
normally receive sUch notification trom 
the supplier. 

§ 1 i\,^2 Publie notilieatioii. 

<'d) If ^ community water system fails 
to comply with an applicable maximum 
contaminant leveJ established In Subpart 
B, fails to comply with an applicable 
testing procedure established in Subpart 
C of this part. Is granted a variance or 
an exemption from applicable ma?cl- 
mum contaminant level, falls to comply 
with thp miulrements of any schedule 
prescrib|^d pursuant to a variance or ex- 
emption, or fails to perform any moni* 
torlng required pursuit to Section 1445 
(al of the Act,^e 8UH|^lier of water shall, 
notify persons sfervecT by the system cif 
t^e failure or grant by inclusion oT a no- 
tice in^the first'S^t of water bills of the 
system' issued af tehtjie failure or grant 
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' ftnd in aDyereAiby written notice within 
three months. Suc^ notice shall bp re- 
peated at kMt once every three months 
so lonff as the system's failure continues 
or the variance or exemption remains in* 
effect If the system issues water bills less 
frequently than quarterly, or does not 
issue water bills, the notice shall be made 
, by, or'supplelnented by aiTother form of 
' 'direct mail. ^ 

(b> If a community water system has 
failed to comply with an applicable max- 
imum contaminant level, the supplier of 
water shall notify the public of such fail-^ 
ure. in addition to the notiflcation^fe-' 
quiied by paragraph'Ca) of this section, 
as follows: 

(1) By publication on not less than 
three <;on2ecutive days in a newspaper or* 
newspapers oi general circulation in the 
area served by th^ system. Such notice 
^hall be completed within 'fourteen days 
j^ter the supplier of water lcam§ of 
Oie f agure. 

* (2) By furnishing s copy of ttie n^ce 
to the rac}io anQ television sCation^ serv- 

^ ing the area served by the system. Such 
notice shall be furnished within seven 
days after, the supplier of water learns 

^ot the faUUre. ' 

(c{ If the area served by a commimfty 
water system Is not served by^^ii^atty 
newspaper of general clrculatimi, notifl^ 
cation by newspaper reowifed by para- 

/ graph (b) of this sectionshall instead be 
<lven by publication^ three consecutive 
Weeks In a wcejcly ri'^wspape^r of general 

• circUlation^ening the area. If no^eekly 
or daily^af^spapfT of general clrcula- 
tion^^efves the area, notice shall be given 
by^d^ting the notice In post ofRces 

the area served by the system. *^ 

(d) If a. non- community water sys- 
tem falls to comply with an applicable 
maximum contaminant level established 
in Subpart B of thfs part falls to comply 
with an applicable ^stlng procedure 
established in Subpart C of thii part. Is 

, gfanted a variance or an exemption front 
an applicable maximum contaminant 
level, ^alls^to comply with the regulre- 
mentof any schedule prescribed pursu- 
it to a variance' dr exemption or fails to 
perform any monitoring requlVed.pursu- 
apt to Section 1445(a) of the Act the 
supplier of watex; shall given Qotlce of 
such failure or grant to the persons 
served by the system. The^form smd man- 
ner of such notice shall be prescribed by 
the S^te. ,and shall Insure that the 
public.uslhg ihe svstem is. adequately In- 
formed o{ the failure or grant 

(e) , Notices given pursuant to this sec- 
tion shall be written In a manner reason- 
*abiy d^lnied to^ inform fully the«user» 
tt the system. The notice shall be con- 
spicuous and. shall not use unduly tech- 
nical languiu^. unduly ^all .print' or 
other method^hlch would frustrate the 
purpose otMn notice: Tlie notice shall 
disclose all material facts regarding the 
subject including the nature of the prob-^ 
lem and. when appropriate, a clear state- 
^en^ that a pjrimary drinking water 
regulation has been, viola ted and any pre- 
ventive maorares that should be taken by 
the public. Where approprlaie/ or where 
designated bV the State* bilingual notice 
shall glveh« Noticed may incly^e a bal- 
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anced explanatioil of the slgnlflcancie or 
•erioutneis to the public health of the 
subject of the notice, a fair explanation 
of steps taken by the system to correct 
any problem and the rmilts of any. addi- 
tional sampling. 

(f) Notice to the public required by 
this section may be'given by the State on 
behalf of the supplier of water. 

(g) In any instance in which notifica- 
tion by mall Is recfulred by paragraph (a) 
of this section but notification by news- 
paper or to radio or television stati( 
is not required by paragraph (b) of^is 
section, the State may. order the sunplier 
of water to provide notification by^ews- 
paper and to radio and televlslrai^tations 
when circumstances matce mote immedi- 
ate or {}roader notice appropriate to 
protect the public heal 

§ 14I«33 Rccor^^ij 

Any ownte^r operator of a ^ollc 
wat^r system subject to the provisions of 
this part shajH^^tain on its iSremlses or 
at a conveni^t location ^ear Its prem- 
ises thejollowing records:^ 
(a) JR^ccords pf bacteriological analyses 
pursuant to this part shall be kept 
not less than 5 years. Records of 
chemical analyses made pursuant to this 
part-shall be kept* for not less than 10 
years. Actual laboratory reports^may be 
^ kept or data may^be transferred to tab- 
"ular summaries, provided thai the fol- 
lowing ixiformation is included: 
4(1) -The 4ate, place, and time of sam- 
pling, and the name of the person who 
collected the sample: 

(2) Identification of the sample as to 
whether it was a routine distribution 
system sample, check sample, raw or 
process water sample or other sp^claj 
purpose sample: 

(3) Date of analysis: % - 

(4) Laboratory and parson responsible 
for performing analysis: 

(5) , The .artalyUcal technique/method 
used:' and 

' (6) The results of the analysis. / 
(b> Records of action* taken by the 
system to correct violations -of primary 
^irlpk^ng water regulations shall be 4^;ept 
for a period not less than 3 years after 
the last action taken with respect to the 
particular violation involved. 

(c) Copifes of arty, written • reports, 
summaries<^or communications relating 
to sanitary* surv^s of the, system con- 
ducted by the system itself, by a private 
consultant or by any local. State or Ped- 

. eral agency, shall be kept for a period 
not less than 10 years "after corppletion 
of the sanitary suryey. Involved. 

(d) Records concet^lng a variance or 
exemption granted tp the systen^ shall 
be kept for a period ending not less than 
5 yfars follo({i^ing the expiration of such 
variance or ffxemption. 
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FROM p. 57332: 



ENVIRONMENTAL PROTECTION 
AGENCY 

40CFR Part 141 

Interim Primary Drinking Water 
Ragulatlont; Amendments 

AdENCY: Environmental ProtecUon 
Agency (EPA), 
► action: Final nilt. ^ . ^ 

CFFECTivl DATX:Th%se amjsndments to 
the regulations will l^e effective August 
27. 1980 except that solium monitoring 
and reporting, determinalion of the 
types of materials in distribution 
systems, and monitoring and reporting 
corrosivity characteristics will/be 
effecUve IB" months following the date of 
promulgation. The sodium and corro^n 
requirements must be completed wilnin 
12 months following'the effective d*C&tf- 

t TAmending 5 141.14 (a)(1). (b)(l)(i). 
(b)(2)(i). and revising (d) to read as 
follows: 

Si4il4 Maximum microbiological 
contamlnantleyela. 



(al • ' ' ' 

(1) One per 100 milliliters as the 
arithmetic mean of all samples 
examined per compliance period 
pursuant io § t41.21(b) or (c). except 
4hat, at the primacy Agency's discretion 
systems* required to take 10 or fewer 
samples per month may be authorized to 
exclude one positive routine sanlple per 

■V month from the monthly calculation if: * 
(ifas approved on a case-by*case basis 
the State determines and indidates in 
writir^ [oihe public water system that 
no unreasonable risk to health existed 
gnder the conditions of this 
modiHcation. This determination should 
be based upon a number of factors not 
limited to the following: (A) the system 
provided and had maintained an active 
disinfectant residual in the distribution 
system, (B) the potential for*, 
contamination as indicated by a . 

I " sanitary survey, and (C) theti^tory of 
the water quality at the public water 
system (e.g. MCL or monitoring . 
violations): (ii) the supplier initiates a 
check sample on each of two 
consecutive days from the same 
sampling point within 24 hours after 
notiHcation that- the routine sample is 
positive, and eacR of these check 
sagnipjes is negative; and (iii) the original 
positive routine sample is reported and 



recorded by the supplier pursuant^to * 
§ 141.31(a) and § 141.33(a). The supplier 
shall report to the State its compliance' 

• with the conditions specified in this 
paragraph and a summary of the 
corrective action taken to resolve the 
prior positive sample result. If a positiVe 
routine sample is not usedforUhe ' 
monthly calculation, another routine 
sample must be analysed for compliance 
purposes. This provision may be used*-' 
5nty once during two consecutive 

« compliance periods. 
(b)(1) " • 

(i) More than 10 percent of the 
portions (tubes) in any one month ' 
pursuant to § 141.21 (b) or (c) except 

y ttiat, at the State's discretion, systems 
required to take 10 or fewer samples per 
month may be authorized to exclude one 
positive routine sample resulting in one 
or more positive tubes per month from 
the monthly calculation if: (A) as 
approved on a case-by-case basis the 
State determines and indicates in 
writing to the public water system that 
no unreasonable risk to health existed 
under the conditions of this 
modification. This^determination should 
be based upon a number of factors iTbt 
limtted to the following: (7) the system 
provided and had maintained an active 
disinfectant residual in the distribution 
system. (2) the potential for 

i contamination as indicated by a 
sanitary survey, and (3}the^histGiy-of-~^ 
the water^'quality ^t the public water 
system (e.g. MCL or monitoring 
violations); (B) the supplier initiates a 
*check sample on each-of^two • 
consecutive days from the sampling 
point within 24 hours after notification 
that the routine sample is positive, and 
each of these check samples is negative; 
and (C) the original positive<routine 
sample is reported andrecordedl)y the 
supplier pursuant to*r!bl.31(a) and 
§ 141.33(a). The supplier shall report to 
the State its compliance with the 
conditions specified in this paragraph 
and report the action taken to resolve 
, the prior positive sample result. If a 
positive routine sample is not usedior 
the monthly calculation, another routine 
sample must be analyzed for compliance 
purposes. This provision may be used 
only once during two consecutive 

. compliance periods. 
(b)(2) ' ' • f 

(i) More th^n 604)ercenft)f the 
portions (tubes) in any month pursuant 
' to § 141.21 (b) or (c). 'except that, State 
discretion. Systems required to take 10 
or fewer sa'pnples per month may be 
authorized to exclude one positive 
routine sample resulting in one or mere 
positive ^ubes per month from the 
monthly.calculation if: (A) at approved 
on a case-by-case basis the State 



determines ind indicates in writing to 
the public water system that no 
'unreasonable risk to health existed 
under the conditions of tMs^^ 
jnodification. This dejennination sl^ould 
be based upon a numbeV^f factors hot 
limited to the following: (7) the system 
provided and had maint^inedan active 
disinfectant residual in the distribution 

"".system. [2] the potential for 
contamination as indicated by a 
sanitary surve^aajdjiii] the history of 
the. water quality at the public water 
system (e.g. MCL or monitoring 
violations); (B) the suppli^ initiates two 
consecutive daily check samples from - 
the same sampling point within 24 .hours 
after notification that the routine sample 
is positTve^and each of these check 
samples is negative; and (C) the original 
positive routine sample is reported and 
recor4ed by the supplier pursuant to 
§ 141,31(a) and § 141.33(a). The supplier 
shall report to the State its comphance 
with the conditions specified in this 
paragraph and a summary of the 
corrective action taken to resolve the 

. prior positive sample result. If a positive 
routine saihpl^Ia noj^used for the 
monthly calculation) a1n<4her routine 
sample must be analyzed for compliance 
purposes. Thjs provision may be used 
onlx once during two consecutive , 
compliance periods. 



' (d) If an average MCL violation is 
^ caused by a single sample MCL 
violation, then the case shall be treated « 
as one violation with respect to the 
public^notification requirements of > 
§ 141.32. ^ . 

8. Amending § 141.21 (a) and (c) to^ 
read as follows and adding (i): 

S 141.21 Microbiological ^ntaminant 
sampling and analytical requirements;^ 
' (a) Suppliers of water for commuriity>^ 
and non-community water systems shall 
analvze or use the services of an 
approved laboratory for coliform 
b^teria to determine compliance with 
§ 141.14. Analyses shall be conducted in 
accordance with the Analytical 
recommendations set forth in "Standard 
Methods for the Examination of Water 
and Wastewatef." American Public 
Health Association, 14th Edition. 
Method 908A, Paragraphs 1. 2 and 3-* 
pp. 916-918; Method 908D. Table 908: 1— 
p. 923; Method 909A, pp. 928-935. or 
"Microbiological Methods for 
Monitoring the Environment, Water and 
Wastes,"^ U.S. EPA» Environmental 
Monitoring and'Support Laboratory, 
Cincinnati. Ohio 45268— EPA-i600/8-7e- 
017t Decen^er 1978. Available from 
ORD Publications, CERL U.S. EPA, 
Cincinnati. Ohio 45268. Part IIL Section 
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B lil thiough ZAX pp. 108-112; 
through 2.7.2(c), pp. 112-113; Paj 
Section B 4.0 through 4.a4(c), pp. 114-^ 
lia except that a standard sample size 
sha|l>be employed The standard sample 
used in the membrane filter procedure 
shall be 100 milliliters. The standard 
sample used in the 5 tube most probable^ 
number (MPN) procedure (fermentation ^ 
tube method] shall be 5 times the 
standard portion. The standard portion 
is either 10 milliliters or 100 milliliters as 
described in J 141.14 (b) and (c). The 
.samples shalfbe taken at points which 
are representative of the cond^ns 
within the distributionlystem. 

(c) The supplier of water for a non- 
community water system shall be 
responsible for sampling coliform 
bacteria in each' calendar quarter that 
the system provides water to the public 
Such sampling shall begin within two 
years after promulgation. The State can 
adjust me monitoring frequency on the 
basis of a sanitary survey, the existence 
of additional safeguards such as a 
protective and enforced well code, or 
accumulated analytical data. Such 
frequency shall be confirmejl-qr 
modified on the basis ofsi^seqUent 
surveys or data. The;Pr§quency ^hall not 
be reduced until the non* community 
water syst^uoj^ performed at least one 
coliform analysis of its drinking water 
and shown to be in compliance with 
§ 141.14. 

(i) The State has the authority to 
determine compliance or Initiate 
enforcement action based upon 
analytical results or other iflformation 
compiled by their sanctioned 
representatives and agencies. 

9. Amending § 141.22(a) to read as 
' follows and adding (e): 

$141.22 Tuf1>klitytainpllng and analytical 
rtqufremtnU. 

(a) Samples fehall be laken'by 
suppliers of water for both community 
and non^conunuivty, water systems at a 
representative entry pdlnt(s) to the 
water distribution system at least once' 
per day. for the purpose of making 
. turbidity measurements to determine 
' compliance withj 141.13. if the'^State 
determines that a reduced sampling 
frequency in a non-oommunity system 
will not pose a risk to public health, it 
can reduce the required sampling 
frequency. The optionof reducing the 
turbidity frcquengy shall be'permitt^d • 
only in those public water systems that 
practice disinfection and which 
maintain an active residual disinfectant 
in the distribution system, and in those 



cases where the State has indicated in 
writing that no unreason^ible risk to 
health existed under the circumstances 
of this option. The turbidity 
measurements shall be -niade by the 
Nephelometric Method, in accordance 
. with the recommendations set forth in 
**Standard Methods for Examination of 
Water and Wastewater," American 
Pujblic Hpalth Association. 14th Edition, 
pp. 132-134; or Method 180.1.1- 
Nephrometric Method. 

(e) The State has the authority to 
determine compliance or initiate 
enforcement action based upon 
analytical results^or other information 
compiled by. their sanctioned 
representatives and agencies. 

10. Amending § 141.23(a)(3]. adding 
- (a)(4) and amending (f) (1) through (10) 
to read as follows; 

§ 141.23 Inorganic chemlcaf sjmipling and 
anatytical requlromtnts* ^ 
(a)*** 

(3) For nOn«community water systams, 
whether supplied by suiface or ground 
sources.i analyses for nitrate shall^be 
completed by December 24. 1980. These 
analyses shall be repeated at intervals 
determined by the State. 

(4) The State has the authority to 
determine compliance or initiate 
enforcement action based upon \ 
analytical results and other information 
compiled by their sanctioned 
representatives and agencies. 

* • ♦ ♦ ^^ 

(f) * - / 

(1) Arsenic—Method ^206.2, Atomic 
• Absorption Furnace Technique; or 
Method * 206.3. dr Method * D2972-78A, 
or Method '301.A VII. pp..l59-162. or 
Metiiod » 1-1062^78, pp. 61-63. Atomic 
Absorption— Gaseous Hydride; or 
Method » 206.4. or Metiiod *D-2972-78At 
^ or Metiiod «404-A and 404-fi(4). 



' "Meth6dt of.Ghemlcal Analysis of Water and 
Wastes.** EPA Environmental Monitoring and 
Support LaboMtory. Cincinnati Ohio 45268 (EPA* 
G0O/4-79-O2<^March 1979. Available from ORD 
Publications, CERL EPA« Cincinnati Ohio 45268. For 
approved analyticial procedores for jnatals. the 

• tedmique applicable to total m^als must be tued. . 

' * "Standard Methods for the Es^amlnation of 
Wqter and Wastewater.** I4th Edition. American 
Public Health Association. American Water Works 
Association, Water Pollution Control Federation* 
1976. 

> 'Techniques of Water— 4leiources Investigation 
of the Dieted States Geological Survey. Chapter A- 
1, ^'Methods for Determination of Inorganic 
Substances in Water and Fluvial Sediments.** Book 
mi979. Stock #024-001^17770. Available from ^ 
Superintendent of Documents. U.& Government 
Printing Office. Washington. D.C 20402. 

* Annual Book of ASTM §tandaidJU)Attil.i . 

Water. American Society for Testing and Materials, 
1978, Rice'SUeet, Philadelphia, Pennsylvania 19103. 



Spectrophotometric Silver . * 
Diethyldithiocarbamate. 

(2) Barium— Method ^ 208.1. or 
Metiiod *301-A IV, pp. 152-155. Atomic 
Absorption— Direct Aspiration; or 
Metiiod * 208^ Atomic Absorption 

Furnace Technique. 

(3) Cadmium— Metiiod * 213.1, or 
Metiiod * 3557-78A or B, or Method * 
301-A II or III. pp. 148-152, Atomic 
Absorption— Direct Aspiration: or 
Method * 213.2. Atomic Absorption 
Fumade-Technique. 

(4) Chromium— Metiiod * 218.1, or 
Metiiod * D-1687-77D, or Method '301- 
A II or in. pp. 148-152. Atomic , 
Absorption— Direct Aspiration; or 
Chromium— Metiiod * 218.2. Atomic 
Absorption Furnace Technique. 

(5) Lead— Method » 239.1. or Method * 
D-3559-78A or B. or Method * 301-A II 
or III. pp. 148-152, Atomic Absorption- 
Direct Aspiratioa* or Method ^ 239.2, 
Atomic Absorption Furnace Technique. 

(6) Mercury— Method * 245.1,'or 
Method *D-3223-79, or Method '301-A 
VI, pp. 158-159, Manual Cold Vapor 
Technique; or Method * 255.2. 
Automated Cold Vapor Technique. / 

(7) Nitrate— Method * 352.1, or 
Metiiod'^ D-d92-Zl> or Method M19-D, 
pp. 427-429, Colorimetric Brucine; or 
Method * 353.3, or Method *D-3867-79a 
orMethod ' 419-C. pp. 423-42(7. . 
Spectrometric Cadmium. Reduction; 
Method* 353.1. Automated Hydrazine 
Reduction: or Method ^ 353.2, or 
Metiiod <D-3867-79A, or Method '605, 
pp. 620-624. Automated Cadmium 
Reduction. 

(8) Selenium— Metiiod * 270.2. Atomic 
Absorption Technique; or Method ^ 
270.3; or Metiiod/ M687r:78. pp. 237-239, 
or Metiiod/ 0-1859-79, or Metiiod '301- 
A VU. pp. 159^62. Hydride 
Generation — ^rttomlc Absorption 
Spectrophotometry. 

(9) Silver— Method » 272.11 or Method « 
3g;t-A II. Atomic Absorption— Direct 
Aspiration; or Metiiod ^ 272.2. Atomic 
Absorption Techniques Furnace 
Technique, i 

(10) Fluoridi— Electrode Metiiod. or 
SPADNS Metfa))d, Method '414-B and 0, 
pp. 391-394. or Method > 340.1, 
"Colorimetric SPADNS with Bellack 
Distillation.** or Method * 340.2, 
"Potentimetric Ion Selective Electrode;" 
or ASTM Metiiod *Dll79-72; or 
Colorimetric Metiiod with Preliminary 
Distillation, Method '603, Automated 
Complexone Method (Alizarin Fluoride 
Blue) pp. 614-616; or Automated 
Electrode Method. "Fluoride in Water 
and Wastewater." Industrial Method 
#380-75WErTechnicon Industrial « 
Systems, Tarrytown. New York 10591, 
February- 1976. or ''Fluoride in Wsktcr 

1* 
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and'Wastewater Industrial Method 
*l29-71W,**Techmcon Industrial 
Systems, Tarrytown. New York 10591, 
December 1972; or Fluoride Total, 
Colorimetic Zirconium — Eriochrome 
Cyanine R Method M-3325-78, pp. 
355-367. 

11. Amending §141.24(a)(3]. (e) and (f) ^ 
to nsad as follows: 

} 141^4 Organic chemical sampling and 
anafytical requirements. 

- (a) • • 

(3) The State has the authority 1o 
determine compliance or initiate 
enforcement action based upon 
analytical results and other information 
compiled by their sanctioned 
representatives and agencies. 
• • • • • 

(e) Analysis made to determine 
compliance with § 141.€2(a) shall be 
made in accordance with "Methods for 
Organochlorine Pesticides and 
Chlorophenoxy Acid Herbicides in 
Drinking Water and Raw Source 
Water." available from ORD 
Publications. CERI. EPA, Cincinnati. 
Ohio 45268; or "Organochlorine 
Pesticides in Water,** 1977 Annual Book 
of ASTM St^iirds, part 31, Water, 
Method D30OTror Method 509-A, pp. 
555-565: * or Gas Chromatographic 
Methods for Analysis of Organic 
Substances in Water.* USGS. Book 5, , 
Chapter A-5, pp. 24-39. 

(f) Analysis made to determine 
compliance with \ 141.12(b] shall be 
conducted in accordance with ''Methods 
for Organochlorine Pesticides and 

* " Chlorojihenoxy Acid Herbicides in 
Drinking Water and Raw Source , 
Water,** available from ORO 
Publications. CERI. EPA* Cincinnati, 
Ohio 45266: or ''Chlorinated Phenoxy 
Acid Herbicides in Water," 1977 Annual 
Book of ASTM Standards, part 31, 
Method D347a; or Method 509-B. pp. 
555-5692; * or Gas Chromatographic 
Methods for Analysis of Organic 
Subststnces in Water.* USGS, Book 5, 
Chapter A-3, pp. 24r39. 

J»141.a5 [Amended] r * V 

12. Amending § 141.25 to add (e]: , 
(e) The State has the authority to 

determine compliance or initiate 
enforcement action based upon 
analytical results or other information 
compiled by their sanctioned 
representatives and agencies. 

13. Amending § 141,27(a).tciread as 
^ follows: ^ 



'Techniques of Water— Re^oureeHnvesttgation 
of ihc Untied Slates CeoIogid!«5ufvey. Chapter 
3. "Methods for Analysis of Organic Substances in 
Water.- Book 5. 1972. Slock «24(n-1227. Available 
from SupenntendenI of Documents. U.S 
C^vemment Printing Offica, Washington. O.C. 
20402. 



S 141.27 Aitemete anafytical techniques* ^ 

(a) With the written permission of the 
State, concurred in by ihe Administrator 

of the U.S. EPA, an alternate analytiqal 
technique may be employed. An 
alternate technique shall be accepted 
only if It is substantially equivalent to 
the prestiribed test In both precision and 
accuracy as it relates to the 
determination of compliance with any 
MCL The use of the alternate £(nalytical 
technique shall not decrease the 
. frequency of monitoring required by this 
part 

14. Amending § 141.28 to read as 
follows: 

§ 141.28 Approved laboratones. 

(a) For th^ purpose of determining 
compliance with \ 141.21 through 
§ 141.27. samples may be considered 
only If they have been analyzed by a 
laboratory approved by the State except 
that measurements for turbidity^ f(^e 
chlorine residual, temperature and pH 
may be perfo^ed by any person 
acceptable-to the State.' 

(b) Nothing in this Part shall be 
construed to preclude the State or any 
duly designated representative of the 
State from taking samples qr from u^ing 
the results, from such samples to 
determine compliance by a supplier of 
water with the applicable requirements 
of this Part 

15. Amending § 141.31 (a) and (c) and 
adding paragraphs (d) and (e] to read as 
follows: 

§ 14U1 Reporting requirements. 

(a) Except where a porter period is 
specified in this part, the supplier of 
water shall report to the State the 
resultlf of any test measurement or 
sthalysis required by this part within (A] 
the first ten days following the month in 
which the result is received or (B) the 
first ten days following the end of the 
required monitoring period as stipulated « 
by the State, whichever of these is 
|t(jrtest 

* * • • 

(d] The water supply system, within 
ten days of completion of each public 
notification required pursuant to 
§ 141.32. shall submit to the State a 
representative copy of each type of 
notice distributed, published, posted, 
and/or made available to the persons 
served by th^ system and/or to the 
media. 

(e) The water supply system shall 
submit to the State within the time 
stat ed In the request, copies of any 
records required to be maintained under 
\ 141.33 hereof or copies of any 
documents then existence which the 
State or the Administrator is entitled to 
inspect pursuant to the authority of 
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§ 1445 of the Safe Drinking 
the equivalent provisions 

16. Amending §141.32 
read as follows: 



^ Water Act or 
of State law. 



I b)(3) and (d) to 



S 141.32 Public notiflcatrof 

• * • • 

(b) • • * 

(3) Except that the requirements of 
tl\is subsection (b] may b(! waived by 
the State if it determines lhat the 
violation has been co^eci ed promptly 
after discovery, the cause of the 
violation has been eliminated, and there 
Is no longer a risk to pablic health. 

• • . • • • 

(d) If a non-community tvater system 
fails to comply with an applicable MCL 
established in Subpart B c f this part, 
fails to comply witK an applicable 
testing procedure established it; Siibpirt 
C of this part, Is granted a variance or 
an exemption from an applicable, MCL, 
fails to comply with the requirements of 
any schedule prescribed pursuant ^o a 
variance or exemption, or fails to 
performr^ny monitoring relquirement 
pursuant to section 1445(a1 of the Act 
the supplier of water shall giye noticen 
by continuous posting of such failure or 
granting of a variance or exemption to 
the persons served by the system as 
long as the failure or granting of a 
variance or exemption con tinues. The 
form and manner for such notices shall 
be prescribed by the State and shall 
ensure that the public using the system 



is adequately informed of 
granting of the variance or 
17 Amending Subpart E 
follows: 



he failure or 
exemption. 

to read. as 



Subpart £— 'Special Monit oring 
Regulations for Organic Chemical^ 
and Otherwise Unregulat<td 
Contaminants 

S 141.^ Special monlt6rlng for sodium. 

(a) Suppliers of water for community 
public water systems shall colled^t and 
analyze one sample per pk nt at the 
entry point of the distribution system fdr 
the determination of sodium ^ 
concentration levels; samp es must^be 
collected and analyzed annually for 
systems utilizing surface wjater sources 
in whole or in part* and at |east every 
three years for systems utilizing solely 
ground water sources. The minimum 
number of samples required to be taken 
by the system shall be base d on the;^ 
number of treatment plants used by the 
system, except that rfiultiph wells 
drawing raw water from a iiingle aquifer 
may. with the State approval, be 
considered one treatment plant for 
determining the minimum'number of 
samples. The supplier of water may be 
required by the Statejo C9I ect and 
analyzQ water samples fur liodium more 
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frequently in locations where the 
sodium content is variable. 

(b) ihe supplier of water shall report 
to £PA\and/or the State the results of 
the anaWses for sodium within the first 
10 days of the month following the^ v 
month tmWhich the sample ^sultA were 
received or within the first IQ^dayi 
following Vhe end of the required 
monitorino^period as stipulated by the 
State, whichever of these is first. If more 
than aanuaKsampllng is required the 
supplier shal( report the average sodium 
within 10 days of the 
the'month in which the 
\ of^h^last sample u.sed 

ge was received, 
ater shall not be 
the results to EPA 
s adopted this 
ilts are reported to 
ier shall report the 



concentratio 
month folio 
analytical r 
for the ^nnua 
The suppli^ 
required to 
where the |tate 
regulation and reS' 
the State. The sup 



Sport 



ground water s< 
required by the 
number of sam 
by the system sh 
number of tree 
system, except 



tate. 
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results to EPA whele the State has not . 
adopted this regulation. 

(c) The supplier oAwater shall noUfy 
appropriote local and State public 
health officials of theviodium levels by 
written notice by direct mail within 
three months. A copy of each notice 

> required to be provided by«this 

paragraph ^hall be senyo EPA and/or 
the State within 10 dayi of its issuance. 
The supplier of water is Wt required to 
notify appropriate local 4nd State public 
health ofHcials of the sodium levels 
^ where the State provides such notices In 
lieu of the supplier. \ 

(d) Analyses for sodiumvhall be 
performed by the flame photometric 
method in accordance with »he 
procedures described in **Standard 
Methods for the Examination of Water 
and Wastewater/' l^th Editidb. pp. 250- 
253:.or by Method 273.1. Atormc 

, Absorption-f-Direct Aspiration or 
C Method 273.2, Atomic Absorption- 
Graphite furnace, in "Methodsifor 
Chemical Analysis of Water ana _ 
Waste/* EMSL Cincinnati. EPAl 1979; or 
by Method Dl42&-64(a) in Annual Book 
of ASTM Standards, part 31. Water. 

18. Adding a § 141.42 to read ai ' 
follows: ' [ 

f '141.42 Special monitoring for cbrroelvity^ 
characteristics. ' 

(a) Suppliers of water for community 
public wate^ systems shall collect 
samples from a represcntaUve eotiy * 
point to the water di'stij^tion System 
for the purpose of analysis to determine 
the corrosivity characterisUcs of tba 
water. \^ 
- (l)The-supplier shall collect two 
'^samples per plant for analysis for each 
plant using Surface water sources _ 
wholly or in part or more if required by 
the State; one during mid*winter and 
one during mid-summer. The supplier of 



the water shall collect one sample per 
plant/for analysj|» for each plant using 
"ces or more if 
i. The minimtun 
reiiui^red to be taken 
be based on the 
mi plants used by the 
it multiple wells 
drawing raw wa er from^a single aquifer 
may, with the St ite approval, be 
considered one treatment plant for 
.detem}ining the minimum number of 
samples. . ^ — ^"^^ 

(2) Determination of the Cprrbsivity 
characteristics of the water shall include 
. measurement of pH. calcium hardness, 
alkalinity, tem^erattire. total dissolved 
solids (total filterable residue), and 
calculation'^of the Langelier Index in ' 
accordance with paragraph (c) below. 
The deterrfiination of corrosivity 
characteristics shall only include one 
round of sampling (two samples per 
plant for surface water and one sample 
per plant for ground water sources). 
However, States may require more 
frequent monitoring as appropriate, tn 
addition, States have the discretion to 
require monitoring for additional 
parameters which may indicate 
corrosivity characteristics, duel) as 
sulfates and chlorides. In certain cases, 
the Aggressive Index. a» described in 
paragraph (c)* pan be used instead of the 
Langelier Index; the supplier shall 
request in writing to the State and the 
State will make Uils determinatipn. 

(b) The supplier of water shall report 
to EPA and/or the State the results of 
the analyses for the corrosivity 
characteristics within the first 10 days of 
the month following the moiK^ in which 
the sample results were re'ceived. If 

•more frequent sampling is required by 
the State, the supplier can accumula te _j 
the data and shall report each value 
within 10 days of the month following 
the month In which the analytical results 
of the la^t sample was received. The 
supplier of water shall not be required 
to report the results to EPA where the 
State has adopted this regulation and 
results are reported to the State. 

(c) Analyses conducted to determine 
the corrosivity of the water-shall be"' 
made in'accordance to tfie following 
methods: 

(1) Langelier Index— "Standard 
Methods for the Examination of Water ' 
and Wastewater/* 14lh Edition. Method 
203. pp. 61-W. 

(2) Aggressive Index~**AWWA 
Standard for Asbestos*Cement Pipe, 4 
in. through 24 in. for Water and Other 
Liquids," AWWA C400-77r.Revision of 
C400-75, AWWA. Denver. Colorado. ^ 

(3) TptaU^iltrable Residue<-*'Standard 
Methods fofthe Examination ofWater 
and Wastewater.** 14th Edition. Method 



208B, pp. 92-93; or "Methods for ' 
Chemical Analysis of Water and 
Wastes." Method 160.1. 

(4) Temperature— "Standard Methods 
fofthe Examinatio-, of Water and 

/Wastewater," 14th Edition. Method 212; 
Cpp. 125-128. 

(5) Calcium hardness— EDTA 
Titrimetric Method "Standard Me*ttiods 
for the Examination of Water and 

* Wastewater," 14th Edition, Method 
309B, pp. 202-206: or "Annual Booic of 
ASTM Standards," Method Dll26-«7 

(8), . ' : 

(6) Alkalinity — Methyl Orange and 
paint pH 4.5. "Standard Methods for the 
Examination of Water and 
Wastewater." 14th Edition, Method 403. 
pp. 27&-281; or "Annual Book of ASTM 
Standards," Method D1067-70B; or 
"Methods for Chemical Analysis of 
Water and Wastes.'* Method 310.1. 

(7) pH— "Standard Methods for the 
Examination of Water and 
Wastewater.** 14th Edition, Method<424, 
pp. 460-465: or "Methods for Chemical 
Analysis of Water and Wastes.'* M^thoc 
150.1: or "Annual Book of ASJM 
Standards," Method D129378 A or B. ^ 

(8) Chloride — Polentiometric Method 
"Standard Methods for the Examination 
of Water and Wastewater," 14th 
Edition, p. 306. 

(9) Sulfate— Turbidimetric Method, 
"Methods for Chemical Analysis of 
Water and Wastes." pp. 277-278. EPA, 
Office ofTechnology Transfer. 
Washington. D.C 204^0. 1974. or 
"Standard Methods for the Examination 
of Water and Wastewater." 13th 
Edition, pp. 334-335. 14th Edition, pp. 
496^98. 

(d) Community water supply systems 
shall Identify whether the following 
Construction materials are present in 
their distribution system and .eport to 
the State: ^ 

• Lead from piping, solder. caulk;ng, 
interior lining of distribution ipains, 
alloys and home plumbing. 

i • Copper (rom piping and alloys, 
service lines, and home plumbing. 

• Galvanized piping, service lines, 
and home plumbing. 

• Ferrous piping materials such as 
cast iron and steel ' 

• Asbestos cement pipe. 

In addition. States may require 
identification and reporting of other 
materials of construction present in 
distribution systems that may contribute 
contaminants 'to the drinking water,* 
such as: 

• Vinyl lined asbestos cement pipe. 

• Coal tar lined pipes and tanks. 

Appendix A^ReSponse t^Public Comments 

Comments submitted to the Agency and 
statements presented at the public hearing m 



ERIC 



-36 



7; 



. GUIDELINES FOR 

: , INSTRUCTI©NAL PACKAGE WORKSHEET / 

I. ^ SUBJECT ^HER: Chlorine Determinations and Turbidity ' ^ , • 

II. UNIT OF INSTRUCTION: Summary of Topic Presentation 
III. ESTIMATED TIME: 75 minutes 

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: The participant may be - 
responsible for this determination to meet Water Quality Control Program . 
requirements. , \ - ' 

V." ENTRY LEVEL BEHAVIOR: • ' . ' 

A. None required. 

Vr. INSTRUCTIONAL OBJECTIVE: 

A. Terminal Behavior : The participant will hearn about chlori nation pro- 
ducts and terminology, and the chemistry involved in chlorine determina- 
tions by iodometric. analyses and DPD methodology --^ The participant w\M 
know pertinent facts about turbi'dity and procedures to determine turbid- 
ity. . ; ^ 

. B. Conditions : The participant will .be given two outlines: , Residual 
Chlorine and Turbidity (manual ) and Chlorine Determinations and 
Their Interpretfttion (handout) and 75 minutes of classroom presenta- 
tion. / 

■■^ / - 

C. Accepted Performance : In attendance to the lecture covering subject 
material. 

Vfr:~-ITISTRUCTI0NAL RESOURCEi^ « 

A. Available Media: * . 

1. Amperonietric Determination of Total Residual Chlorine 
(14th edition ^ Standard Methods ^ page 318.)* 

2. Calibration and Use of a Turbidimeter (Nephelometer) 
(1974 EPA Methods for Chemi gal, Analysis , p. 295) 

3. Training Manual Outline: Chlorine Determinations and Turbidity 

4. Handout TraininchOutline': Chi ori nati on %nd Ch 1 ori ne .Determi na t i ons 

5. Thirty-six slides, X-21:^ Chlorine CSee XI. Description of Visual 
, Materials). V . 

6. Ten slides, X-30: Turbidity (See XI Description of Visual 
_ Materials). — • . i 

4 

B. Suggested Media ; ' 

' = ■ ' J 

1. None . • ' 



VIIL ^ INSTRUCTIONAL APPROACH: , ^ 

A, Preparation for Instruction : 

* 1... Review available media and-visual materials and prepare lesson. 

B. Sequencing : ^ V' *...^ * - ^ . 

Slides are series X-21: Chlorine ^ ' 

Participants should use the Training Outline, "Chlorination and 
Chlorine Determinations" as a reference for this information, 

1. Classroom instruction on ohlori nation, using slides to discuss 
the first 3 Sections of the outline in the training, manual . 

— a. Introduction about bactericidal use of chlorine - slide 1 

I b. Means_.of chlori nation - slide 2 

c. Effects of applying chlorine gas - slide 3, 4 

d. Effects of applying calcium hypochloride - slide 5^ 6 

e. . Ammonia- reactions with hypochlirous'acid produce 
. chloramines - slide 7, 8 

f. Side reactions reduce availability of chlorine for 
disinfecting purposes - slide 9 

- ChVorinat'ion products that have disinfection powers - slide 10 

h. Stress the meaning of the terms related to chlorine residuals - 
slide 11, 12, 13 

■> 

i, Factojrs affecting disinfection - slide 14 

j/ It is convenient to use a blank sQide (15) here, 

2. Classroom overview of recognized chlortirie determinations, using 
heading s in training manual sections on "lodometric Analyses" 
and "DPO Methodology", then the summary of "Compliance 
Methodology". ■ . 

3. Classroom instruction on the chemistry involved in direct 
iodometric titrations to determine free, combined or total 
chlorine. This series of slides presents facts about the 

. chemistry of the method with pictures of an analyst doing 
each step using an amperoijetric titrator. Presentation - 
of the dirject method gives ^an opportunity to teach the 
chemistry involved and also to re-enforce mastery of the 
meaning of-^'the terms "free", "combined"- and "total" residual 
chlorine. However, for wastewaters the indirect or back titration 
is to be used. If participants will routinely analyze waste- 
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waten,. you can still use these slides to teach the chemis.try 
involved and the meaning of tjte above terms, but spend more 
■ time on the actual steps to jJb a. back titration (next topic). 

a. Types of chlorine - si i die' 16- 

b. Role of phenylarsin oxide - slide 17 • 

c. Picture of, titration equipment - slide 18 

d. pH for types - slide 19 , ' ' 

e. > Principle for free chlorine - slide 20 • 

f. 1 ml pH 7 buffer has been added and current* flows, 
pointer to right - slide'2»} 

g. PAO reduces, current reduced slide 22' 
•h. Adjust pointe^ to right - slide 23 

i. More PAO, current reduced - slide 24 

j. Needle stops,* take r-ead|ng - slide 25 ' v.'^ 

k. .More PAO. When needle stays stopped, ti's end; (slide 26 ^ 
is same as slide 25 to show needle staying same) - slide 26 |- 

1., 0.O0564N PAO related to chlorine for a 200 ml sample - slide 27 

m. PAO related .to fxee chlorine at pH 6.5 - 7,5 = slide 28 ^ 
' n. Combined chlorine may be present - slide 29 

0. Utilize chlorine -iodide reaction - slide 30^ 
-rp. ^Need pH 4 and potassium iodide - slide 31 

q. Combined*chlorineTeleases iodine - slide 32 j 
^r: Add KI solution (crystals may be used instead* of solirtion)- slide 

s. Add pH 4 buffer - slide 34 . 

•t. Repeat titration procedure. as for free chorine; when needle 
stays at one^lace, it is the end point •» slide 35 

u. Add results for free and for combined chlorine to giye total. 
Stress: can do total in one step by adding KI and pH 4 buffer 
directly to sample - s-lide 36 ' ', 
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4. Classroom instrtictfon on indirect (back-titration)' iodometric 
procedures to determiwe total chlorine. 

a. Reason for indirect 

b. Same principles as direct method. Stress additional step 
using lodipe titrant and end* point signal is. reversed. 

* *• 

^. 5. Classroom instruction on DPD Method 

a. Chemistry involved to produce color 

b. TilTratlon method, stressing end point signal 
Cv Spectrophotometric method 

6. Summary of methodology recognized for compliance monitoring 
Series X30: Turbidity ' ^ ' 

1. Classroom Instruction on Turbidity: 
a. Sllde'^XaO-l: Cause 

. b. Slide X30-2: Wh;? measure turbidity 
' c. Slide X30-3: Holding Time for samples 
. d. Slide X30-4: History of Measurement 

2. Regulations - NRDES and Water Supply 

3. Acceptable instrumentation^ ( 

a. Slides. X30-5 to X30-6: Nephelometry 
•v, b. Slides X30-7 to X30-9: Formazin Standards 
e^. Slide X30- 10: Interferences 

4. Summary i 
IPW EQUIPMENT AND SUPPLY. REQUIREMENTS: 

A. Classroom Equipment and Supplies 

1. Slide projector and supt)11es 

2. Blackboard and chaTk 



IPW REAGENT REQUIREIilENTS: 
A. None required 
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-Xr;yOESCRIPT,ION OF VISUAL MATERIALS: 

"^.A. Series X-21; Chlorine. (36 slides) ' ' ^ , 

. 1. Slide X21-1: Cartoon-type of drawing showing ^ant operator 
^ ^ killing disease" organisms with cJ^orine 

2. 'slide X21-2: ■ Means of Chlorination - Chlorine gas, Chlorine 

• •/ • . gas disso^lved in water and Calcium hypo(^hlorite 

3. Slide X21-3": Effects of Chlorination - Chlorine gas. Chlorine 

, -.gas dissolved in watQ^r-*pH^Decrease 

< • . ' ■ + • 

4. STide X21-4: Produbts- of CU: H Hydrogen ion, /CT . / 

^ Chloride ion, HOC] hypochlorous acid' ->"H + OCl' 

5. Slide X21-5: 'Effects of Chlorination - Calcium hypochlorite -»■' 
pH Incrkse ' • * 

Slide.m^e: Products of Ca(0Cl)2: Ca"!"^ calcium ion, . 
' ^ OH" hySroxide ion and HOCl hypochlorous acid 

H + ocr • 
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7. Slide ;(21-7: Ammonia ' / 

8. Slide X21-8: Ammonia Reactions wtth-bypochlorite ibn - 

Monbchloramines, Dichloramines, and Trichlorami nes 

9. Slide X21-9: Demand from side reactions : 

10. Slide X21-10: Disinfection - Monochloraminfes, Dichloramines, 

and hypochlorite ion " - 



11. Slide X21-11: Free Chlorine residuals - Chlorine, Hypochlorous acid, 

and Hypochlorite ion 

12. . Slide X21-12: Combined Chlorine •-<Chloramine^ ' ' 

J.3. Slide X21-13«: Total residual chlprina = free^phlorine "residual + 

combijned chlorine residual 



14. Slide X21-14: Disinfecting power - Concentration and Contact time . / - N 

15. Slide X21-15: Blank jSlide <dar|0 



16. Slide X21-16:,Free Chlorine' -vi^^+ Comi)ined Chlorine - MG/1 — r 

j T(g,ta.l**ReSi dual Chi ori ne ' ' ■ 

17. Sljde X21-17:iReducing Agent/Phenylarsene Oxide 

18. Slide X21-18: Live Titration Assembly . ^ . 

19. Slide X21-19: Two Stage Titration - (1) pH 7 Tree Chlorine -Residual 

(2) pH 4 Combined Chlorine Residual 
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20. Slide X21-20r Current Produced/Proportional to Free Chlorine, Present 
* • \ 

21. .Slide X21-21: Live of Adding Titrant, Pointer tq Right .4 

.- ' ^ ' . 

22. Slide X21-22: Live of Adding- Titrant, Current Reduced " . * 

23. Slide X21-23: Live of Adjusting Pointer to rigbt on scale ^ 

24. Slide X21-24: Live of Adding /1or.e Titrant . 
2*5. Slid,e X21-25: Live of Pointer at Rest 

Live of Pointer Staying at Rest ... * T 
1 ml , Phenyl arsene Oxide = 1 mg/l of Chlorine 
Phenylarsene Oxitle reacts with Free Chlorine Only 
Free Chi orine/Combi nod* Chlorine ' rr^'-'- ' 



26. Slide X21-26.: 

27: Slide X21-27: 

28. 51^ X21-28: 

29. Slide X21-29: 

30. Slide X21-30: 



Starch-Iodide Method 

-Chlorine Okidizes Iodide to Produce Free »— •-Iodine , 



31. 51ide^21-3;: Combined Chlorine Determination 

'* , ) . .pH 4,and Addition of Potassium Iodide 



-32. ,Slide,X21-32': Combined Chlorine CompQU>rd$\ ■ 

Oxidize Iodide— ^ Free Iodine « 



33. Slide X21^33: Live of Adding J(I polution' 

34 . ^1 i de J(21^4-:--Llve-of_Addijig jpiLA Buffejr^ 



35, Slide X21-35: Lfve of Repeating Titration Process 

36. Slide X21-36: Free Chlorine - mg/l + Combined Chlorine - mg/l 
^ —•'Total Residual Chlorine / . ' " . 

B. Series X-30;" Turbidity (10 slides) 

. 1. Slide X30-1: What is Turbtdity - Caused by clay-si It-plankton-bther 
\ , organic and, inorganic material and ts an^ optical 

property - size, shape, specific gravity*, number, of 
particles 

2. Slide X30-2: Why Measure Turbidity - can prevent proper disinfection 
practice, persons object to waters with turbidity, can 
W^iiijtrrfotis-^oJiidust^^ and equipment and* 
monitor plant operationTlfrRr^f^ 

3. Slide X30-3: Preservation of Turbidity Samples - Must.be run as soon 
as possible - within one hour ; * 
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4. Sl+de X30-4: Drawing: Jackson Candle Turbidimeter 

5. Slide X30-5: Drawing: Nepheloroeter. Light Path^ 

6: "SliJe X30-6:" Drawing: NephelometerSecondary Light Path 

^ 7, Slide* X30-7: Formazin Polymer - Use - Sol^Jtion 1. Hydrazine Sulfate 

1.000 gram/100 ml. turbidity free water^ 
* Solution 2.*Hexamfethylene tetramine 10.00 gram/lpO-ml 
turbiclity free water . 

8. *_SlTde X30-8: Formazin Polynper - Solution 3 - Add 5.0 ml gf solutjon 1 

and 5.0 ml. of solution 2 into a 100 ml volumetric fTask.' 
A]loW to- stnad 24 houW at 25 j^3X\ Then dilute' to 100 
. y' ' mT mark with turbiditM free water; Contains 400 NtU 

sqspensioh. 7 ■ 

9. Sli'de X30-a: Turbidity Free Water • 1. Filter "distilled watbr through 

membrane filter having pore size £ 100 \m\. • 
^ 2. Check turbidity of nonfiltered water and filtered 
water. If filtered water doey not have less, turbidity 
— / ' use distilled. , . 

10. Slide X30-10:- Interfei?ences - Rapid Settling Coarse Sediments, 

Floating Debris, Air Bubbles, Color, Dirty or 
°. Scratched Sample Tutes ■ _ 

CI Determinations and Their Interpretation - PC. lid. 11. 77 



CHLORINE DETERMINATIONS AND THEIR IJ4TERPRETATION 



I INTRODUCTION 



Chlorioe normally is applied to watei^ as a 
bactericidal a|gent; it reacts wi^ water Con- 
taminants to fbrm a variety of products 
containing chlorine. The <iif(^ence betweeVk « 
applied and residual chlorine 'represents ther « 
chlorine demand of thi water under ponditions 
specif red. Wastewater chlorination ds- parti- * 
, cularly difficult because the concentration of 
organisms and coniponents suscejjtible to 
interaction with chlorine are high and variable^ 
Interferences* with the ^forine' determination 
iif wastewater confuse interpretation with^' 
respect to the chlorine residual at a given 
timVand condition^ its bactericidal potency, 
or .its future ijehavior. ' 



il CHEMISTPYOP CHtiORINATION . 

A Chlorine compound9,(Cl2) dissolve >n water, 
and hydrolase immediately according to the 



re^Stioi). 



jaoci +-h!:±_cjl 



The products of this«reaction are hypo- 
chlorous and hydrochloric acid. The 
•reaction ii^ reversible, .but"i^ pH values 
above 3. 0 land doncentrations of chlorine 
beloW^ipOO mg/1 ^e shift i» predominantly 
to the right^leading^to hypochlorous acid 

moci). 1 ' V 

Hypochlorous^acid^is^^ak acid and con- 
sequently ionizes in #ater according to the 
equation: 



HOCl i^t* 



ri*" + oci 



This reaction is reversible. At a pH value 
of 5. 0 or below almost all of the chlorine 
is present as hypochlorous acid (HOCl) 
whereas above pH 10. 0 nearly all of it 



exists as hypochlorite ion (OCD. The pH 
value that will control is the pH vahie 
. - reached after the addition of chlorine. 
Chlorine addition tends to lower the pH 
^^nd the addition of alkali hypochlorites 
tends to raise the pH. 

B ^he initial\e actions on adding chlorine to 
^wastewaters maybe assumed to be funda- 

^ mentally the same as when dhlorine is . 
added to water except for the additionn^ 
complications due to contaminants and 
their concentration. 

Hypochlorous acid (HOCl) reacts with 
ammonia and with many other complex 
derivatives of ammonia to produce com- 
(ioundS/known as chloramines. Formation 
of the simple ammonia chloramines includes: 

1 NH3'+ HOCl — ► NH2CI + HgO 

monochloramine _ 

2 NH2CI + H0Cl-^NHCl2 + H2O 



dichloramine 
3 NH5CI +— NHCl2-^ + 3 HCl 

The distribution of the ammonia chloramines 
is dependent pH, as illustrated below: 



Percentage of Chlorine Present as ' 
Monochloramine Dichloramine 
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a 
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15 


9 


94 
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Chlorine Determinations and Their Interpretation 



The formation of othe ammonia chloramine8 
» are depen4ent'on pH» temperature* and 
chlorine -ammonia r^tio. Chlorine re- 
actiofTs with amino acids are likely; 
product disiofccting powers are lower 
than those of cmorjlne or of ammonia 
chloramines. J 

»' 

III TERMINOLCX3Y 



chloramines eventually forming N2 + HCl 
as in II. B. 3. Assuming no other chlorine 
demand* the total chlorine residual will 
rise* decrefise to zero and rise again wiU> 
increasing increments of applied chlorine. 
Other substances may produce humps in 
the applied chlorine vs residual chlorine 
plot due to oxidation of materials other, 
than ammonia* Sametimes these are 
erroneously considered as a breakpoint. 
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A Terms used with Respect to Application 
Site 



IV lODOMETRIC TITRATION ANALYSES 



(1.2) 



Pre-chlorination - chlorine added 
prior to any other treatment. 

' r 

^ost-chlorination - chlorine added 
after other treatment. 

Split chlorination - chlorine added at 
different points in the plant - may 
include pre- and post-chlorination. 



lodometric titration using either an ' « 
amperometric or a starch-iodine 
end point determihe's chlorine residual. 
The relative advantages of a specific 
determination depend upon the form in which 
the reac table chlorine exists and the amount 
and nature of interferences in the water. 

A Amperometric Titration - Direct Method 



B Terms Used in Designating Chlorine 
Fractions *x 

1 Free available residual chlorine - the 
residual chlorine present as hypo- 
chlorous acid and l^ypochlorite ioxu 

2 Combined available residual chlorine 
the. residual chlorine present as 
chloramines and organic chlorine con- 
taining compounds. ^ ^ 



Total available residual chlorine - the 
free avail^e residual chlorine + the 
con^bined available resfdual chlorine - 
'may represent total amount of chlorine 
residuid present without regard to type* 



In ordinary usage these terms are 
shortened to free residual chlorine* 
combined residual chlorine and total 
, residual chlorine* In the chlorination 
of wastewaters only co Da^ j| |n ed residual 
chlorine is ordinarilKi^ftg^ knd is 
often improperly temedcmorine 
residual* r 

Brea]q>oint chlorination specifically^refers 
to the ammonia-chlorine reaction where 
applied chlorine hydrolyzes and reacts to - 
>rm chloram^es and HCl with the 



1 Scope and application 

This method is applicable to the> 
detemiination of free* combined or 
total Residual chlorine in all types of 
water' and wastewaters that do not. 
cQi;itain substantial amoilnts of organic 
» matter. 

2 Summary of A^ethod^ ^ *' , 

When the ^cell of the titrator is immersed 
in a saniple at pH 7. 0* the cell unit pro- 
duces a small direct current if free 
chlorine ^(an oxidizing agent) is present. 
As phenyiarsine oxide (PAD) solution 
is added* ^^it reduces^the free chlorine* 
;When sdl the chlorine is neutralia^ed^ the 
generation of curret^ ceases* At this* 
end point* th^ microammeter pointer on 
theT apparatus no Ic^er deflects 
down-scale. * 



To determine combined chlorme* : pH 4. 0 , 
buffer and potassium iodide al*e then* 
. add^d t& the sample* E^ree iodine 
released by the combined ch],orine*also 
causes the cell to jprodiic'e ^a small direct 
current* ^ Ajddi[tidn''6f PA6 reduces tiie 
free iodine and the generation of current 
ceases* Again* the end point occurs 
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Chlorine Determinations and Their Interpretation 



.^hen the njIcrdammtfterlJOinter no ^ 
longer deflects down^^scaie, 

* ' c' * ' 

In either titration, the amount of^PAO 

- reducing tagent*.iised^lo;^each the. end - 

^ point-is -ultirnately-*|oichiometrically ^ 
proportional to chlorine present in the 
^4^ple« Th^iHin of the free and 
combined chlorine is the total residual 
chlorine in the sample^* , 

V Total residual chlorine can be deter- 
mined directly by adding pH 4^ 0 buffer 
and potassium iodide to the sample 
before beginning the titratitsn* Any 
free or combined chlorine present will 

^ stolchiometricVlly liberate free iodine ^ 
which is then reduced with PAO • 
titrant. The amount of PAO titr&nti^ 
used measu|p*es the total an^ount of (ree 
and combined chlorine originally . * 
present in the s^unple* 

Interferences ^ ^ ^ 

a Organic matter reacts with liberated ^ 
* iodine/ t ' ^ ' ^ 

. b Cupric ions may*cause erratic 
behavior of^the apparatus* \ 

c Cuprous and silver ions t^d to ^ 
poison the electrode by plating out 
oh it. ^ ^ " 



B Amperometric Titration - !nd|^£t MeUipd 

- 1 'Scope and Application * 

This method-is applic^le to* the , , 
^ «^ . determination of totals chlorine residual 
in all types pf water^^M wastewaters* 
^_ In contrast -to' •the direct ampei^metric 
' /titration* thi4 back-titratioii proceduire 
/ minimizes interferences in waters 
'' 'containiri^'subBtantial amounts of 
organic: matter*. ' ' 

^ * o * - 

2 Summary of Method 

A sample is treated with 4 measured 
. excess of standard phei^ylarsine oxide 

(PAO) solution foll6we<Lby fulciition > 
' .of pKdtassiimi iodide axid a buffer ^o 

maintstin the p9 between 3. 5 and 4* 2« 
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Any form of chlorine present will 
stoichiometrically liberate iodine 
which immediately reacts with the 
PAO before £^gnificaht amounts are 
lost to. reactions with organic matter 
-in^the sample*.^ . ^ _ _ . - - . 

When the cell of ^the'^kmperometric 
^ titrator ia immersed in a sample so 
treated, no current is generated since 
neither free chlorine nor free iodine. 
* is present. ' • ^ • 

The amount of PAO used to reduce the^ 
^liberated iodine is then determined by 
titrating the excess wit^ a standard 
iodline solution* No curt^ent is generated 
until all the excess PAO his been 
.oxidized by the iodine^ At this end 
point the next small addition of iodine 
causes current to be, generated and the 
microammeter pointer permanently 
deflects up-scale. 

T^he excess PAO thus measured is 
subtracted from the original amount 
of PAO added/ ^The difference is the 
' PAO used to reduce the liberated iodine 
and' is ultimately^ me^ure of the total 
chlorine originally present in the Sfi(hiple« 

NOTE:. ^dii;m thiosulfate solution maiy. 
^•be used ihstead'ofPAO^ hut PAO is 
niore' stable and is^ be preferred.' 

3- Interferences 

a Cupric ions may cause Erratic f 
: '/^ehavfor of., the apparatus. " 



E>^^tipr< 



b Cuprous and silver ions;|end to 
" poisonrthe electrode by plating out 
on it. ' " " 



C Colorimctric Starch-Iodide "Titration - 
I^rect Met 



1 Scope a^vcTApplibiition ' 

This nxethod is ag(^i^able |o the 
determinatioxrof totid chlorine rei^Bidual 

^ in All types«of water uid«wastewill^« 
A back-titrgtion^protedur^ ii^ used to 
'minim'ise intfrferencesfin waters con- 

* Gaining substantial i^tmnts of brganic 
6 matter/ ' ' ^ * 
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- Chlorine Determinations and Their Interpretation 



2 Summary of Method 

A samplje is treated with a measured 
excess of standard pbenylarsine oxide 
(PAO) solution followed by addition 
of potassium iodide and a buffer to 
, t maintain^ the plLbetween 3. j|^nd 4, 2._^ 
7 Any foniv'of chlorine present will 
s'^toichiometrically liberate iodine ' 
which immediately i^eacts with PAO 
b<3fore significant amounts are lost to 
reactionsS^th orgai^ic matter in the 
sample. 

The amount of PAO used to reduce the 
liberated iodine is then determined by 
titfating the excess with a. standard 
iodine solution in the presence of starch 
until the PAO is completely oxidized. 
At this end point, the next small<3ad(^on 
of iodine causes a faint blue color to 
persist in the sample. 

The excess PAO thus measured is . 

subtracted from^the original amount 
. of PAO added. The difference is the ^ 

PAO used to reduce the liberated 

iodine and is ultimately a measure of 
' the total chlorine originally present 

in the sample, 

• NOT^: Sodium thiosulfate solution may 
be used instead of PAO, but PAO is 
more ^stable and is to be preferred. 

3 Interferences ° 

a An unusually hi|^' content of organic 
matter may cause some uncertainty 
in the end ^pint» If manganese, ^ 
iron and nitrite are definitely absent, 
this uncertainty can be reduced by 
acidification to >pH 1. 0,' 

b Color and tuH>idity in the sample 
, caus.e difficulty with end-{>oint ' , 
^ " detection/ " * * 



D Evaluation of lodometric Analyses 

lodometric titration ui^^g amperometric 
end point detection appears to be the more 
accurate residual .'chlorine method 
' Besides being inherently more accurate than 
' color detection methods, t^is electrical ei^d 
point is free^of interference fromxolar 
and turbidity, 

*« 

The accuracy of the colorimetric starch- 
iodide end point is improved by employing 
the indirect titration method described 
above. By adding an excess of«the standard 
reducing agent and back-titrating, contact 
between the liberated iodine and organic 
matter in the sample is minimized. 



V DPD METHODOLOGY^^' 

The I>pp (N, N-diethyl-p-phehylenediamine) 
method can be applied by either^ titration or 
spectrophotometry* 

A Titration 

In this procedure, the buffered sample is ^ 
titrated with ferrous ammoniiun sulfate to 
the disappearance of the red color; the^ * 
result Is free available chlorine. Using the 
same Sample, the titration can be carried 
further to determine mono-and dichloremine, 
Ntoogen trichloride Is found ubing a fresh 
' portion of sample. 



B Spectrophotometry 



Alternatively, ,.the red colors in A can be 
read in a spectroiAotometer or filter phbto- 
meter atiHs nm. The concentrations are 
determined using a calibration graph. 
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COMPUANCE METMODOLOGY 



HEFERENCES 



N PWES/ Cerlif ications 

All of the analytical procedures 
described in IV,. lodoro^tric. Titration. 
Analyses and in v/ DPD Methodology 
(above) are Qited in the Federal 
Register as approved. * ^ 



1 Standard Methods for the Examination of 
Water and \yastewaters, 14Ch Ed, , 
APHA. AWWA. WPCF. 1976, 

,2 Book of ASTM Standards^. Part 31, 

Water, A/nerican Society . 
for Testing and Materials, 
pHiladelphia, PA. 1975. 



Drinking Water 

Only the DPD Methodology (as in V ' 
above) is cited in the Federal Register 
as approved. In contrast to the NPDES/ 
Certifications reflations* the DPD 
U-rft kit IS also approvrci for drinking water, 



3 Sawyer, C. N, Chemistry for Sanltai">' 

Engineers. McGraw-Hill Book ' 
^"^...Company, New '^ork. I960, 

4 Moore,^E^.W. Fundamentals of 

Chlorination of^'Sewage and Wastes. 
Water and Sewage Works. Vol.^ 98. 
No. 3. Marchrl951. 
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GUIDELINES FOR . • 
. INSTRUCTIONAL PACKAGE WORKSHEET 

I.. SUBJECT MATTER: Bacteriological Indicators of ' Water Quality 
II. unit' OF INSTRUCTION: Sumnary of Topic Presentation ^ 
III. ^ESTIMATED TIME: 9ajliinut6S 

nrr^JUSTIFICATION for this INSTRUCTIONAI OBJECTIVE: Coverage of this subject 
^ matter gives the participant an insight to the development of the rationale 
concerning the concept -of an ideal indicator.and th.e indicatoj^ bactepa 
in^i/se today-for various'objective^ 

V. ENTRY LEVEL BEHAVIOR: 



A. None requtteth 
I. INSTRUCTIONAL OBJECTIVE: 



A. ^ ^Tir^inal Behavior : Thfe participant will be aware of the current i 
J)acterioloc(ical indicators used in Water Quality Programs and the 
.advantages/limitations inherant to tlteir use. 

B. Conditions: Instructional Material covered in course training 
manuals 



icture material covering 



^VII. 



C. Accepted Performance : In attendance to the 
''subject ma^terial. ^ . . ^ ^ ' - 

INSTRUCTIONAL RESOURCES: , ' ^ ' ' 

A. Available Media: 



1. Training Manual Outline: "Bacteriological Indicators of Water 
/ Pollution". , . • 



2; ^3 Slides of X39 Series. 



/ 



B. , Suggested Media : 
1. None 



VIII 



INSTRUCTIONAL AP'PROACH:^ 
vA. Preparation for Instruction ; ^ , • 

1. Review-visual and written material and prepare lesson- 



2. Seiiu'ence sHcles as desired, and place in slide tray.* \ 
. * ■ •• - . ' ^ . ^ ' ■ ^ 

'X Prepare any handoyt material, "If ""des'i red, and arrange to/have' 

ani adequate aupply prepared. . • . ^ 

•- I- " ^ ' ' i • - ■ * ■ *. , 

4. Assemble any. desired demonstration equipment/materialsjand arrange 
to have them available for the presentation. . 
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B^. SeauenclT^q: 

l/^ Classroom presentation of X39 



/ 



a. 

b. 
c. 
d. 

e. 
f. 



Two. areas of approach" to finding a possible bacteriological-.- 
indicator of water quality. (X39-1) 

% r " — - — 

Normal and pathogenic, flora- in^human feces. *(X39-2>. 

Use of "total count" as an indication of water quality. (X39-3) 

Early Bacterial Criteria Relating to Sanitary^^ater XJuality 
. ; ; indication that investigators widely disagreed as 
to water quality vs. total counts. (X39-4) 

Concept of an "Ideal Indicator". 8 Slides (X39-5 to X39-12). 



co^ 



Concept of using pathogens is indicators of water quality. 
6 Slides (X39-13 to X39-18).' 
. ■■ , ■ \ 

g. Escherichs' discovery of Gram Negative rods^ in genral , 
population and subsequent advancement of the col i form 
group, of bacterid as indicators of Water Quality. (X39-I9) 

h. . Current col i form ^ group deffhiti on. (X39-20) 

i. Limitations of col i form group. 2 Slides (X39-21 to X39-22). 
j. ,IMV;C Classification. 6 Slides (X39-23 to X39-28). 

k. Coliforms as Indicators Advantages/Limitations. (X39-29) 
•1. 
m^ 



Eschericheae r Genus and Habitats (X39-30) 

Effects of temperature on the ^Col i from bacteria. 3 Slides 
(X39-31.to X39-33). 




fr. .FecarColifom\ Significance (X39-34) 
0... Fecal Col i form 'NTAC Findings (X39-35) . - " 

. •fd'cal Col i form, Standard test Woee'dures,. (X39-36) 

.Fecal Coliformi-ndicators Advantages/Limitations (X39-37) 

/ " '* 

r. Groups of Enteric Bacteria Total Col i form and Fecal 
Col i form zones. (X39^8) . • 



s. Tecal 'Streptococci - Definition.^t::::^ Slides ()G9-39 to X39-41) 

t. fecal Streptococci - Slow acceptance as ihdtctbrs. <X3d-42) 

Use of Fecal Streptococci as indicators. 3 Slides ' 
.43^to X39-45). • a 
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^ V. PartUion Counting Principles. 4 Slides (X39-46 to' X 39-49). 

Fecal Coliform to Fecal Streptococci Ratio. "4 Slides 
(^39-50 to X39-53). 

IPW .'EQUIPMENT, AND'SUPPLY REQUIREMENTS: 

A. Classroom Equipment ^nd Supplies: 

1. Slide projector and^tray. 

2. Blackboard and chalk. 

• ' _ • » 

IPW-REAGENT REQUI4iEMENTS:- ' . , . 

* * 

A. None required. ' . j • 

DESCRIPTION OF VISUALMATERIALS^: 



A, 53 Slidfes, X39: Bacteriological Indicators of Water Quality 

1. Slide X39-1 * Bacterial Indicators of Pollution - Two Areas of , 
Possibility • ^ j 

— 2". Slide" X39-2 Normal .and Pathogenic Flora in Human Feces 

3.f Slide X39-3 Total Count Plate ' < 

4i Slide X39-4- Early Bacterial Criteria Relating To Sanitary . , ' 

' Water Quality ' . . 

•5. Slide X39-5* Ideal Indicators: Lack Laboratory Safety^ Hazard , 

6. Slide= X39-6 Ideal Indicator: Positive Test*^ Pollution 

; 7.. Slide )(39-7 Ideal Indicator: • Negative Test. = No Pollution 

a. Slide X39-8. Ideell Indicator: Unifomf Results with Different Watdr 

,9. Slide X39-9 Ideal Indicator^: Never Present in Safe Water- - ^ 

10. Slide X39-10 Ideal Indicators. Shovi No Aftergrowth in Stream 

11. Slide X39-11 Ideal Deaths Curves Indicator • Pathogenic 
Microorganisms . ' 

12. Slide X39-t2 Chafactertstics of an Ideal Indicator 

13. Slides X39-13 Bacterio'logic Diagnosis of Specimens for 
/ Bacillary Dysentery Shigellosis). \ 

14. Slid^ X39-14 BacteriologiC; Diagnosis of Specimens for Brucellosis^ 

15. Slide X39-15 * Microscopic appearance of protozoan ^ forms • 



16» SWde X39-16: Bacteriological Cultures Undergoing 

Biochemical Examination. • 

17. Slide X397I7: Pathogens as Indicators- Advantages/Limitations. 

• ^ m ' ' 

AS^ Slide X39-18: Bacteriological Measurements of Fecal 
Pollution. 

« 

19. /' Slide X39-19: Escherich-'s Examinations ,of Ward Patients 

Discovers Ubiguitous Gr?im-Negative rods in fecal specimens 

20. Slide X39-20: Coliform Group Definition*. , 

^21 Slide X39-21 : Relationship Between Coliform Concentrations ' 
and Rainfall. 

.22. Slide X39-22: Effect of Rainfall and Surface Runoff on 
Coliform Bacteria in the Missouri ,River Belpw Kansas City, 

23. Sljde X39-23-: Differentiation Tests for CcJliforms. • 

24. Slide^X39-24: Known IMViCJypes. ^ ^ 

25. ' Slide X39-25: Aerogpries Tjjpe 1 IMVtC and £C Reactions- 
Slide X3?-26: E. Col i 'Type i;iMviX. and EC Reactions. 

27 .\ Slide X39-;27: Cql i forms. 67 S^il Samples IMViC Reactions. 



27. 



28. Slide X39-28": IMViC Reaction^ of Warm-BnQoded Animal 
Cultures. 

29. Slide X39-29: Coliforms as Indicators Advantages/Limitations. 

30. Slide X39-30: Habitats of Eschericheae ^ 

31. Slide X39-31: Citrate Positive vs Citrate Negative Cultures 
and Their Uctose Reactions at Varying Temperatures. 

3^. Slide X39-32: AveragejJ Generation T-imes, 0 to 6 hours, ^ 
^ for Coliforms ii) seven hour liquid median. 

33* Slide X^9-33: Fecal Col if orrti and ^Non-fecal Coliform 
Growit-h Response in EC both at various temperatures. 

■34. Slide .X39-34: Fecal CoTi form Significance. 

' ' ■ ■ I 
35. Slide X39-35: Fecal Coliflorms-NTAC Findings. 

36- Slide X39-36: MPN anrf MF Techniques at the Elevated> . 

temperature for Fepal Coliforms. ^ " 

37. Slide X39-37:' Fecal Coliform Indicators j\dvantages/Limitations. 

3B. Slide X39-38: Groups of Enteric Bacteri^^Placement of 
Coliform and Fecal Coliforms. 



39. .Slide- X39-39: Fecal Streptococci Definition. • , ' • 

40. Slide X39-40: Fecal Streptoc9€Ci: of Sanitary_Slgnificance. 
41\ SlTa039^Tr~^aIsification.of Streptococci. 

42. Slide_X39-42: Fecal Streptococci Slow Acceptance as . 
' . , I-ndicatoY*^. . ' . 

43. Slide X39-43: Fecal Streptococci Sanitary Interpretations. 

44. Slide X39-44: Occurence of S, >.fecalis var liqu^faciens 
- in Various Eavironmental Sources- 

45. Slide X39-43: S. bovis - S. equinus Percentage of Fecal 
•.Streptococcus Population in Warm Blooded Animal Feces. 

« < 

'46. Slide X39-46: Occurrence of Streptococcal Groups in Feces 
of Man, Cow, Sheep, Pig and Fowl. 

47.. Slide X39-47:' Distribution of Fecal Streptococcal Groups 
in Reces of Human^ 

48. Slide X39-48: Distribution of fecal Streptococcal Groups 
. in Feces of Cows. ' " • 

49. Slide X39-49: Distribution of Fecal Streptococci in. 
Sewage and tn Human and Cow Feces. 

50. STide 39-50: Indicator Densities per Capita per day, 
in decending order. ' , - . 

» >, 

51. Sli(je X39-51: Estimated pei?^ Capita Contribution of 

, Indicators of.Some Commori Animals and its FC/FS J^atio- * 

52. Sli(Je X39-52: Bacteriological Quality of Irrigation Water. 
.53.- Slide X39-53: .Applying the FC/FS Ratio. 



SUBJECT HATTER: Advance preparations for Day One Laboratory 

WHEN ACCOMPLISHED: Approximately 24 hours prior to Day One Laboratory, 

and 2 hours prior to Day One J^aboratory 

ACCOMPLISHED BY: Qualified instructor ' " . ' . 



TIME REQUIRED: 



3-5 hours (dependent on the time required to ^sample 
and the^number of students enrolled) 



.PREPARATION REQUIRED 



4 

REMARKS - 



24 hours advance , 

Inoculate test tube rack"c6ntaihing 
lactose broth and AD broth tubes. 
One rack per student is required. 



Prepare and plate MFC mediurfl with 
sample volume which will produce 
Msol^ted colonies* 



2 hgurs advance 




Have laboratory operattonaV for^ 
laboratory studies. 
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gj^^«^-^-mp^l9b.ipw.^ 



Each' rack to contain ^25 lactose and 25 s 
AD tubes (first row multiple strength 
and the other 4 rqws single strength). 
Each, rack constitutes an MPN test to .be 
assigned to eaqh student.' Wh&n inoculated, 
ineubate at 35C + 0.50.' . ^ - 

At^eas't one pTate for each 2 students. 
Incubate at 44. 5C + 0.2C. to be used 
for Verification Test to be initiated by 
students in Day One. Laboratory. . 



■■ ■ . ■ c- 

1. Test Rack of sterile lactose ^tubes/trainee 

2. Appropriate data sheets/^traine^ 

3. MPN transfer equipment/trainee 

4. Sterile B6B,,EC, lactose, and EVA Supply 

5. MF equipment* Cniedi a preparation; preweigned 
: LES & m-ENDb media; MF plated) 

6. Verificatlorj>iri test equipmenjt 

7. 35''C and 44.5''C incubators operational 

8. Place one rack/trainee of the 24 hour ^ 
MPN tubes at each laboratory position 

9. Remove MFG plates from 44.5''C incubator 
and have available for verification ^est 
procedure- * • * 
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• . . GUIDELINES FOR 

INSTRUCTIONAL PACKAGE WORKSHEET 

■J. SUBJECT MATTER: Laboratory. Briefing for Day One ' .•' 

IJ.' UNIT* OF INSTRUCTION: Sunmary of Topic Presentation- 
Ill. ESTIMATED -TIME: 40 minutes 

W. JUSTIFICATION '.FOR THIS INSTRUCTIONAL OBJECTIVE: Briefing for this variety 
,of subject matter^. as *descri bed linder VII Available "Media, is of primary 
Importance since a number of procedures will be initiated without benefit 
of prepat^ry lecture groundwork due to time constraints. 

V. ENTRY LEVEL BEHAVIOR: ' . . ■ , 

A. None required. r , ^ t ^ 

V4.-~^STRUCTI0NAL OBJECTIVE:- . -5: — 



A. Terminal Behavior : The participant will be a^cqi^ainted with the various, 
areas^ of instructional material covered in the* training course manual : 
and better be ablevto' utilrze them in an open book laboratory situation, 
which. immediately follows the briefing session. " 



^B. Conditions : Instructional material covered "-in various parts of 
course training ^^ri^nuaT and as'directed by verbal instructions. 



;. Accepted F 
manlial in 



Performance : Utilization of .assigned pages of course training 
conjunction. with notes talcen during^riefing sessions. 

VU.C INSTRUCTIONAL. RESOURCES: ^ • • / ^ ' , ' - 

A. Available MeUia : . — ^ " . ^ ^ ^ 

1* Training Manual Outlines: * ' 
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Outline 
MPN Methods 



Section 
tube Label 



Purpose 



MPN Methods 



MPN Methods 



MPN Methods 



Tube Sample 

Inocu.latioos 

(pipeting). 

Preparatit)n of 
diluti ons 



Instructor Aid-Tubes labeled 
to he,lB^preclude tube manipu- 
lation errors by trSine^ 
•during course. • . 

Provides accurates; distribu- 
tion of correct sa^wple volumes 
tft'feach tube. . * * 

if • • ^ 1 

Pm4<les acciCrate - mea s uremen t 
of required^amfJVdflutions. 



Culture Transfers ' Provides ^^correct .technjcjui 
- ^ of culture transfer anrf^' 

^ apph)ved methbdjs. * 



• . Outline - 

Detailed- . 
_ NF Meth(||s 



Verified 
MF-Tests 



Section 

M^ENDO 
medium 
preparation 

Veriftcation'- 
of fecal 
conforms - 



Purpose 



Provides correct techiiique 
of medium preparation 



Provides technique and 
. schematic for test 
^ procedure ^ ^ 



2^ Si/ggested Med'fa : - 

^ A. ,^Npne . 
INSTRUCTIONAL APPROACH^ 
A.^ Preparation for Instruction : 



1. Reyiew agenda for time sequeijcihg and written material for content 
and prepa^re briefing, . ' 

- 2. Prepare 'handout (or use blatikbo^rd, if desired) indicating to 
trainee the written material to review. An exaniple of such a 



hemdout wduld be as follows: . 



, /> Item 
Tube' Lckbe-ling 



VIPH- Sample 

Inoculations 

■(i*ip'eting) 

MPN Dilutions 



MRN Culture 
Transfers 



M-ENDO. 
Preparation'^ 

Vejrifica't,^n 
of Fecal 
, Col i f omls • 



Outline and Pages 

MPN Metfiods Pt. 2 

(3-11 to 3-21)" 

MPN Methods Pt.. 1 
3-4'1>fr 3-6; *3-ll 
to 3-12; '3-2^ ' 

/MPN Methods Pt. 1 
, 3-6, 3-7 

MPl\ Methods Pt. V 
3-6^3-7. Pt. 2 
3-14;\3-15; 3-17; 
3-18'; X-20; 3-23; 
.3-24 



f 

Standard Methods (14th Edition) 
Not specifical-ly covered 

882-883; 916; 943 ' 

883; 892; 909.; ^ 0 ' ' 



883; 884;. 91 7; 922; 
943 



Detailed MPMethqd^. ^895 
W;, n-5;M-7^. • *; 

Verified MF Tests 
13-2; 13-3 " 



No siiecific information 



B. Sequencing; 
• - 1. Verification Test 

2. m-ENDO preparation 

9 

3. MPN information 

"AJ" Instructor will then demoftitrate the 24 hr procedures with a 

♦ . . hypothetical rack of tubes. This will clarify, if heeded, 

. * • the information given in (3) and will serve as a test that 

^ the instructor will carrx^rough during the week. 

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS: ^ ' ' ' 

,A. Classroom Equipment and Supplies: ^ 

1. Blackboard and' chalk. 

2. Demonstration setup. 
X. IPW REAGENT REQUIREMENTS: 

i\. None required. ' ' . 

.XI. DESCRIPTION OF VISUAL MATERIAL'S* 

A. None required. * y ^ 



DAY ONE. LABORATORY 



^MPN TEST PROCEDURI 



ITRAINEE 



4 



MF Procedure: 



1. Inoculate sample rack containing 
lactose tubes with a te^t. sample ' 

2; Read and Record a 24 hour fermentation 
tube rack. ' Use the form, provided .by 
the facility. .Record for 'both irhe 
, LST tubes and th6 AD tubes. 

3. Transfer positive'tubes to BGB and 

for the Total col i form and Fecal ' 
col i forms respectively 

4. ^ Transfer positive tubes of AD to the 

EVA jnedium • Do not discard postive 
AD tubes.. 

5. Incubate at 35C when all transfers are - 
complete. The EC medium is incubated " 
at 44. 5C. Mark tubes to-avoid loss or 

- misreading. ^ 

6. Prepare 100ml of rii-ENDO broth and 30ml 

• - of LES ENDO Agar. From»the§e simultan- 
^ eously prepared media, .prepare 6 plates 
'.from each to be labeled by the maker 
and stored for later use in the refrigera- 
tor. Save the remainder of the lOQmt 
jfi-ENDO broth preparation for later use' 
(label this boftle with youc^itia-ls) 

P^Tfk 6 colonics fronfWFC plates. Pick 
typical FC colonies and' some non-col i forms, 
« Use sterile rieedle and LST tubes. 



Intended for practice only to 
leai^n pipetting procedures. 

Tubes were inoculated by 
instructor during advance 
preparations. . 



Utilize transfer options for the 
pos.itlve tubes as instructed. 



GUIDELINES S^OR 
• INSTRUCTIONAL PACKAGE WORKSHEET 

I. SUBJECT MAHER: The Membrane Filter 1 

II. UNIT OF INStJ^J^TION: Summary of Topic Presentation 

III. ESTIMATED TIME: 45 minutes' 

\ ■ ■ 
IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this material 
gives the participant a historical and practical knowledge of the membrane 
filter allowing its optimal utilization in laboratory operations . 

v.- ENTRY LEVEL BEHAVIOR: . ' '~~ 

A. None required. 

VI.- INSTRUlCTIONAL' OBJECTIVE:, ' . • 

A. Tenninal Bfehavior : The participant will have knowledge of the advantages 
and limitations of the membrane filter and jts proper handling during 
sterilization and laboratory manipulations.- 

B. Conditions :, instructional material as' covered in course training manual. 

J ■ ■ ■ * 

C. Accepted Perfonnance : In attendence to the lecture cQvering subject 
material. 

yVII. INSTRUCTIONAL RESOURCES: * ' * , . ' - 

\ . • ' * ^ • . 

A. Available Media : ' 

1. Training Manual Outline: The Menbrane Filter in Water Bacteriology. 

^ » * * • 

,2. '12 Slides of XAl Series. ' , ' « ^ _ 

B- Suggested Media : 

1 . None , - • 

Vl^II. INSTRUCTIONAL .APPROACH: • 

A. Preparation for Instruction : 
1. Review visual and^written nwrteriaT and prepare lesson. 

^ 2. Sequence slides as desired and place in slide tray. 

3. Assemble any 'desi-p'ed demonstration equipment/materials and arrange 
to ha^ve them available for the presentation. 

B. ' Sequencinfp : 
1. Classroom presentation of X41. . ' ^ 
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a. Fiat Final Report on the feasibility of usihg membrane filters 
Tor bacteriological operations. (X41-1) ' 

r ' ' 

b. Comparison of similar magnificati.on of membrane filter and a 
high quality filter paper (X41-2 to X41-3). ' 

c. Drawing of damage inflicted dn a membrane filter .surface by 
a camel hair brush. (X41-4) . / 

<tct»J/aripus materials* used for the manufacture of membrane filters. CX41-5) 

e. QuaVity .Control Tests used on membrane -fi Iters. (X41t6) 

' f. Flow Rate - definition and a typical chart of values. (X41-7 
.*toM1-8). \ ■ 

g. MembraneTilter - Open volume- to solid material and po»*e size 

variatioYi. (X41-9) . . ^ 

* h. Membrane filter made transparent with use of suitable oi^. (X4r-10) 

t. Differeiitial absorption oV dyes by. the membrane filter. (X41-11) 

j. Membrane Filter sterilization procedures, (X41-12) * • 

IX. IPW EQUIPMENT ANb SUPPLY REQUIREMENTS: ^ , ^ . 

A. Classroom Equipment and Supplies: 

1. Slide projector and tray. „ ' . * . 
.2. Blackboard and chalk. 

X. IPW REAGENT REQUIREMENTS: ' . " . ' . ' 

A. None * * _ • 

XI. DESCRIPTION OF VISUAL MATERIALS ' • 

A. 12 Slides, X41: The Membrane Filter 
' '1. Slide X41-1 Fiat Final Report Summary of Document 1312 (8Dee 47) 

2. Slide X41r2 Photomicrograph Of High Quality Filter Paper ^ , 

£ Slide X41-3 Photomicrograph of Membrane Filter . / . 
-r. Slide X41-4 Drawing of Membrane Filter Surface Damage by Passage 
of a Camel Hair Brush • ^ • ' . 

5*. Slide X41-5 Membrane Filter Materials-' ' 

6. Slide X41-6 Typical Membrane Filter Quality Control Tests by 
Manufacturer 
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7. Slide X41-7 Definition of Flow Rate . • 

8. Slide X41 -8 Typical Flow Rate Chart 

9. Slide )f41-9 Schematic: Membrane Filter Open Volume to Solid Material 

Curve:-, Membrane Filter Pore Size Distribution Curve for' 
.45 micron pore diameter 

10. Slide X41-10 Membrane Fvl4;er clarification with appropriate oil 

11. Slide X41-11 Selective absorption of dyes by t^e membrane filter 

12. Slide X4T-12 Membrane Filter Sterilization 
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I. 
II. 

HI. 
IV. 



VI, 



GUIDELINES FOR 
INSTRUCTIONAL PACKAGE WORKSHEET • . 

SUBJECT MATTER: Membrane Filter Equipment and Its Preparation for Laboratory 
Use . ^ e 

UNIT OF INSTRUCTION: ^upia>"y of Topic Presentation 
ESTIMATED TIME: 45 minutls 

JUSTIFICATION, FOR THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this material - 
will pillow the participant to be aware of required membrane filtration 
equipment and its preparation for laboratory usage. 

ENJRY LEVEL BEHAVIOR: : 

A. None required. 

INSTRUCTIONAL OBJECTIVE: 



A. Terminal Behavior : The participant will have knowledge of the types,- 
handling, and preparation of membrane filter laboratory equipment. 

B. Conditions ; Instructional material as covered in course training manual ' 

• /- and the availability of the current edition of Standard Methods for the ^ 
Examination of Water aad Wastewater "for reference. 

C. Accepted Performance ; In 'attendance to the lecture covering subject 
material. Xours.e examination may. contain questions regarding this 
subject. 

VII. INSTRUCTIONAL RESOURCES: 

A. Available Media : 

1. Training Manual Outline: "Membrane Filter Equigment and Its Preparation 
for Laboratory Use" ■ - " 

■2. Standard Methods for the Examination of Water and Wastewater (for the 
14th Edition; Pgs. 880-886; 89^1-892, 928-931) 

B. Suggested Media : ' , 
1. None ' , ' 

VIII. INSTRUCTIONAL APPROACH:. 

A. Preparation for Instruction: ' 

1. Review Training Manual Outline and pertinent pag.es, of Standard Methods 
and prepare lesson ^ " ' 
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B. Sequencing ; 

1. A convenient sequencing for presentation/6f this subject material is 
that which follows from the training maiiual outline. This will also 
allow the participants to raise questions' with the sequential 
progression through the pages of th^outline which should have been 
read by the participants. 

IX, IPW EQUIPMENT AND SUPPLY REQUIREMENTS: 

A. Classroom Equipment and Supplies^ 

1. BJackboard a^nd Chalk 

X* IPW REAGENT REQUIREMENTS: 

a'. None required. 

XI, DESCRIPTION OF VISUAL MAT^IALS: 

A.' None required. 

Instructor may e;Fect tq show materials and equipment during' the presentation. 
Possible examples of these are: 



1. Manufact^ifes maintenance kits 

2. Various funnel units 

3. Wrappings used for sterilization 

4. Vafcuum sources (asperators, * pumps, etc.) 

5. /Suitable and prohibited typeV of culture containers^- 



/J ■ 



12-2 



101 



GUIDELINES FOR • • . * 

. ' - INSTRUCTIONAL- PACKAGE WORKSHEET 

' I. SUBJECT MAJTER: Examination of Water for Col i form and Fecal Streptococcal 
/ . Groups (MPN) . • ' 

II. UNIT OF INSTRUCTION:. Sunmary of Topic Presentation 

III. ESTIMATED. TIME:' 90 minutes • - ' . ' . ^ 

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this material 
allows the participant to have a theoretical knowledge and an overview 
of the MPN test procedure which is a basic test procedure for bacteriolog- 
ical examination of water and wastewat^er. 

V. ENTRY LEVEL BEHAVIO6: / ' 

A. ,None required. 

VI.' INSTRUCTIONAL OBJECTIVE: 

~ A-.- Terminal Behavior : The participant will be knowledgable in the 

^ ^ theoretical aspects -of th,is test procedure and have an overview 
of the complete procedure.^ 

B. Conditions : Instructional material as covered in course training 
manual . 

C. Accepted Performance : In attendance to the lecture material 
covering subject material. " 

VII. • INSTRUCTIONAL RESOURCES: 

A. Available Media : . ' ' 

I. * Training manual outline: "Examination^of Mater for Coliform 
and Fecal Streptococcal Groij^s*' 

' 2. 40 slidffs o^ X40 Series . 

V 

3. Standard Methods (for the 14th Editon: pgs: 913-927; 942-944] 
. B. Suggested Media : 
1. None 1 
V;il. INSTRUCTIONAL APPROACH: 

'A. Preparation for Instructinn : 

1. Review all written and visual material and prepare lesson. 
' 2. Sequence slides as desired and ptace in slide tray. 



' 13-1 
'.BA.co.ipw.1.1.79 , 

^. ■ ■ - . ~ 



3, (>repare any handout material, if desired, and arrange to have 
an adequate supply prepaVed. ^ 

4. Arrahge to have any desired demonstratior/material available* 
for the presentation. / 

Sequencing : < / • 

/ 

1. Classroom presentation of X40: ^ / 

a. Schematic overview of MPN Test for CoJiform Group. Slide X40-1 

b. Coliform Group definition. Slide X40-2. 

c. Factors effecting results of MPN test. Slides X40-3 to X40-6. 

d. Sample inoculations. Slides X40-7 to X40-10. 

e. Sample volume vs. ftange Covered. Slide X40-11. \ 

f. Schematic: Presumptive Test. Slide X40-12. 

g. Pictorial Representation of Presumptive test. Slide X40-13. 

h. Incubation of tubes at 35** C. Slide X40-14. , 

■ 1. Inspection and typical recording of 24 hour Presumptive Test 
tubes. Slides X40-15 to X40-16. > 

• • * # 

j. Schematic: Confirmed Test. SlVde X40-17 

. ' . ■ \t ■ . 

• k. Loop transfer of culture. Slides X40-18.to X40-19. 

1. Continuation of Confirmed Test Procedure. Slides X40-20 to 
■X40-21. >: ' • 

m. Selecting Codes- for MPN cakulations. Slide X40-22. 

• " n. MPN Table. Slide X40-23. 

0. Completed Test Procedure Overview. Slides X40-24 to X40-2&. 

p. EMB Agar-platirig and colonies. Slides X40-26 to X40-29. 

q. Completed Test Procedure, Slides X40-30 to X40-34. 

r. Fecal Streptococci MPN Schematic. Slide X40-35. 

s. Control and Pos.itives for the Fecal Streptococci MPN. 
Slide X40-36. - * 

t. Fecal Coliform MPN Test. Schematic and Description .of 

Analysis. Slides X40-37 to X40-38. . v 

u.' Fecal Coliform Test. First Stage and Second Stage. Slides 
X40-39 to X40-40, 

• - 103 ' ' 



^. I PW. EQUIPMENT AND SUPPLY REQUIREMENTS: 
A. Classroom Equipment and Suppliesj 

1. Slide Projector and supplies. 

2. Blackboard and chalk. 

3. Demonstration cultures, if desired. 
IPW REAGENT REQUIREMENTS:' 

A. None required. 
DESCRIPTION OF VISUAL MATERIALS 

Examination of Water for Coliform and Fecal 
' Streptococcal Groups (MPN) 

1. Slide X4t)-1: Schematic-Tests for Col i form Group. 

2. 'Slide X40-2: Col inform Group Definition. • 

^* n]c J!i.i!'^S"^' Shaking of Sample Bottle to Obtain- Even ^ ' 
Distribution of Bacteria. 

^' dIJ Po^Selectioii.of Sample Volumes-Lack of 

Positives in Confirmed Test. 

.5. Slide X40-5: Poor Selection of Sample Volumes-All positive 
in Confirmed Test. puaiuivc 

^' lllt.^'^^'^l' evidence Limits decrease with 
selection of at least 5 tables/row. . ' 

_ 7. Slide X40-7: .MPN Sample Inoculation-Use of Pipet. 

8. Slide X40-6: MPN Sample/ InocHl'ation-Schematic fo^i- dilutions. 

•, 9. Slide X40-9: MPN Sample Inoculation-Dilution Blanks (99 ml). 
10. Sl.ide X40-10: MPN. Sample Inoculation-Use of Pipet. 

n. Slide X40-11: Sample Volumes vs. Range Covered. 

n2. Slide X40-12: MPN Schematic-The Presumptive Test Procedure. 
pJoJedJ^e^^^' Represen'tation-Presumptive Test 

14. ' Slide X40-14: Incubation ht ,35*" C. 

"5. ^lide X40-15: MPN Presumptive Test-24 hour* cultures. 

PrlsSmJJiil^iest'""''^' °' ' A 
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17. Slide X40-17: ,MPN Schematic-The Confirmed Test Procedure. 

18. Slide X40-18: Cross-Section of a Filled Loop. 

19. Slide X40-19: MPN Confirmed Test Loop Transfers. . ' 

20. Slide X40-20: MPN Confirmed Test-Inspection of 48 hour test 
resuJts. 

4 

2k Slide X40-21: MPN Confirmed Test-Reincubation of 24 hour nega- 
tive BGB tubes. 



22. Slid^40-22: Selecting MPN Codes from Data Sheet. 

23. Slide X40-23: MPN Table (13th Edition of Standard Methods ). 

24. Slide X40-24: MPN SchematlQ-The Completed Test Procedure. 

25. Slide X40- 25: Pictorial Representation of MPN Completed — 
Test Procedure. ' 



Streakings^and EMB Agar Plate. 
Colonies on EMB Agar.Plat.e. 
Same as aboy.e. 
Same ,as above. 

Picking pure cultures from an EMB^Aga> plat^. 
Transferring a pure culture during ttie MPN 



26. ' Slide X40-26 

27. Slide X40-27 

28. Slide X40-28 

29. Slide X40-29 

30. Slide X40-3p 

31. Slide X40-31 
Completecj Test Procedure. ' 

32. Slide X40-32: Grow.th of pure' culture during the MPN Completed 
' Test Procedure. . " . 

33. Slide x4o-33: Gram Staining Reagents. 
.34. Slide X40-34:' Gram Positive Culiure. 

35> Sl'ide X40-35: Schematic: MPN Fecal Streptoc-occus f^st. , • 

36. Slide ■X40- 36: Control and Positive Cultures in the MPN Fecal 
^. Streptococcus Test Procedure. 

37. Slide X40-37: Schemati c- the MPN Fedar Col i form Test. 

38. Slide X40-38:. Description of the MPN Fecal Col i form Test Procedu 

39. Slide X40-39: MPN .Fecal Coliform Test First Stage. " 

40. SI i de, X40-40 :. -MP^Fecal Coliform Test- Second Stage.; 



: . ^ • _^ . 

• , . ' ^ GUIDELINES FOR 

INSTRUCTIONAL PACKAGE WORKSHEET* • . ' • ' . * ^ 

, ^ I. SUBJECT MATTER: Media and Solutions for MPN Methods " 
II. UNIT OF INSTRUCTION: Summary of Topic Presentation 

III. ESTIMATED TIME: 50 ipinutes '' » • . 

. ; IV. JUSTIFICATION FOR THIS: INST RUC I TONAL OBJECTIVE: Knowledge of this material 
will allow ttie pa*:tkipant to be aware of required MPN media and so*lutions 
and its preparation for laboratory use. ' ^ 

* V. ENTRY LEVEL BEHAVIOR: " - 

A. None .required. 

VI. INSTRUCTIONAL OBJECTIVE: ' . ^ ■ ' 

■* "A. Terminal Behavior : The participant will have -knowledgfe of^the required 
MPN media arid solutions and their preparations, 

r - ■ ■ 

B. Conditions; Instructional material as cgvered in course training manual 
and the availability of the current edition of Standard Methods for -?the 
Examination of Water and Wastewater for refefenciT" ' 

^- Accepted Performance : In attendance to th^ lecture covering subject 
material. Course examination may contain Questions regarding this 
subject. , 



VII. 



inst;ructional resources; 

A. Available Media: 



1. -.Training 'manual outline: ■ "Media* and Solutions for Multiple 
Dilution Tube Methods". ^ " . 

2. Standard Methods for the Examination of Water and ^Wastewat er (fojr 
the-Wth Editfon: Pgs/ 885^:89 f; 892-896; 918-915). ~ 



B.' SOggested Media : 

1. None / ' ^ 
VUr. INSTRUCTIONAL APPROACH: . ' 

A. Preparation for Instruction ; 



1. Review training manual outline and pertinent pages of Standard 
Methods, and , prepare lesson. " 

B. Sequenciriq' : • ^ . ' 

1, A convenient sequencing for presentation of this subject material 
is that which follows from the training manual outline. This will 
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also allow thr participants to raise questions^with the sequential 
progression through the pages of the outline which should have 
been read by the participants. ! 

IX.^ IPH EQUIPMENT AND SUPPLY REQUIREMENTS: 

A. For each student : ^ , * 

'1; Classrbom equipment and supplies 

2. Blackboard^nd chalk ^ . . 

. X- IPW REAGENT REQUIREMENTS: 

^ A,. None required. 

XI. DESCRIPTION OF VISUAL MATERIALS: 

A. None required. 



Instructor may elect to show materials and silppiies during the presentation. 



Possible examples of these are: 

1. Oars of dehydrated media 

2. Bottles of dyes and reagents 

3. Stock and working solutions 

4. Prepared media^ 



^ 'if': 
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I. 
II. 
III. 
iv. 



GUIDELINES- FOR 
INSTRUCTIONAL PACKAGE WORKSHEET- 
SUBJECT MATTER: Principles of Culture Media For Use With Membrane Filters . 
UNIT OF INSTRUCTION: Summary of -Topic Presentation 
ESTIMATED TIME: 45 minutes 



JUSTIF CATION FOR THIS INS.TRUCTIONAL OBJECTIVE: Knowledge of this material 
hi L'^^°" * ' Prjicipaflt to be aware of principles of ?ul?ure media a^J 
better exercise judgement to protect the integritjy of the laboratory preparations. 

V. ENTRY LEVEL BEHAVIOR: ' i • 

A. None reqaired. » 
VI. INSTRUCTIONAL OBJECTIVE:, , ' ' 

• A. Tenninal Behavior:- The participant will be aware of the principles of . 

culture media and of .some of the terminology applied to various test 
procedures using differing media preparations. 

• B. Conditions : Instructional material as cover€d in course training manual 

' pJ^Jn^^Hnn'^fi^:*^ °^ Standard Methods forth' 
Examination of Water and Wastewater for referenci^ ^ ~ 

' - ^' ?oSr^e1x.^min;r{nn';^i v ^" ^"^"^^"^^to lecture covering subject material, 
course examination may contain questions regarding this subject. 

.VII. INSTRUCTIONAL RESOURCES: ' ' ■ ' 

A. Available Media : 

1. Training Manual Outline: "Principles of Culture Media for Use With 
Membrane Filters' 

» 

2- ^;;[l^^rf yethods for the E xamination of Water and Wastewater (for the 
■ l^h Edition: Hgs. 882-884; 886-888; 894-895) _}:^ y^' zne 

B. Suggested Media : 

None, .. ■ . ' 

VIII. INSTRUCTIONAL APPROACH: . . ' - 

A. Preparation fo/ Instruction ; 

1. Review Training Manual Outline and pertinent pages of Standard Methods ( 
ana prepare lesson: . - 

B. - Sequencing : 
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A convenient sequencing for presentation of thi^. su5jec"t raterfal^is 
that which follows from t|ie training manual outline. This will also 
a>low the participants to raise questions with the sequential progression 
through the pages of the outline which should have been read by the 
' participants. - : 

IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS: 

A. Classroom Equipment arrcTsupplies 



1. Blackboard and Chalk * 
•X. IPW REAGENf REQUIREMENTS: 

A. None required^ . , s 
XI. DESCRIPTION OF VISUAL MATERIALS; 

A. ' None required. 
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SUBJECT MATTER: Advancfe Preparations for Day Two Laboratory . 
WHEN ACCOMPLISHED: Ap{)roxiniately 1 hour prior to Day^ Two Laboratory 
ACCOMPLISHED BY: Staff " 
TIME REQUIRED: 1-^ hoirs , 



PREPARATION REQUIRED 



-Remove 48 hour MPN^Tests from 
incubators and pla^^each test 
rack at the proper test position 
• (bench site) 



Have sufficientsterile BGB, EC, and 
EVA tubes avaTTaBle.in laboratory " 

Collect sample for MF Testing 



Place m-ENDO brotn at each 
laboratory position 



Have laboratory operational 
for laboratory studieis 



REMARKS 



Individual racks should have been labeled 
as to trainee identification. If tubes 
were consolidated due to incubator space, 
have racks available for participants to 
obtain theirs; 



Required for 48 hour MPN procedures. EC 
also for verification test 

Several liters collected, well mixed, and 
placed in individual single bottles^ for 
.trainees to run MF test « 

Was prepared individually on Monday 
(Day One) and stored in refrigerator 
and should have been labeled as to 
trainee 'identification 

L MPN Transfer equipment/trainee 

2r Sterile BGB, EC, and EVA tubes available 

3. MF test equipment/supplies at each 
1 aborafory posi ti on 

4. MF Da.ta Sheets distributed * ^ 

5. All incubators operational 
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^ GUIDELINES FOR ■ - ' * 

. INSTRUCTIONAL PACKAGE WORKSHEET 

I. SUBJECT MAHER: Laboratory Briefing for Day Two 

•II. UNIT OF INSTRUCTION: Summary of Topic Presentation 

III. ESTIMATED TIME: 45' minutes • ' ' 

IV. JUSTIFICATION f?OR THIS INSTRUCTIONAL OBJECTIVE: To ensure understanding of 
previous laboratory work and to give a briefing for the work to.be accomplished 
, during Day Two Laboratory. ' , • - ' • 

X:^ENTRY LEVEL BEHAVIOR: ' ° . 

A. Having performed the Day One Laboratory procedures 

INSTRUCTIONAL OBJECTIVE: • ' 

A. Terminal Behavior : The'participant will be acquainted with the various 
areas of instructional material covered in the training course- manual 
and better be able to utilize them in an open book laboratory situation 
which immediately follows the briefing session. 

B. Conditions : Instructional material as covered in various parts of 
course training manua4 and as directed by verbal instructions. 

C- Accepted Performance : Utilization qf assigned pages of course training 
manual in conjunction, with notes taken during briefing sessions. 



VI 



^VII. INSTRUCTIONAL RESOURCES:' 
■ A. Available Media : 

tl. Training Manual Outlines: 



Outline 
MPN Methods 



■ Verified -MF ' 
Tests 

Detailed Membrane 
Filter Methods 



Section • 
48 hoMr examinatio?^ 



Verification of 
Fecal Col i forms 

Tests for Col i form 
Group 



" Purpose 

Provides correct technique 
of culture transfer artd 
approved methods 

Continuation of verification 
procedures 1^ 

Provides procedural 
information 



1. Suggested Media : t 
a. None 
yill. INSTRUCTIONAL APPROACH: 

A. Preparation for Instruction : 



1. Review agenda for time sequencing and written material for content 
and prepare briefing. 



2. Prepare handout (or use blackboard, nf desired) indicating to 
trainee the written material to review, . An example of such a 
handout would be as follows: 

. Item Outline and Pages Standard Methods (14th Edition) 

MPN Methods Examination of Water 916 to 917; 920 to 921 

48 hour Procedures) for Col i forms and 943; 922 

Streptococcal Groups 
3-13; 3-15; 3-15 to 
^ 3-17; 3-21; 3-24 

3-20 - 

-MF M^^thods Detailed Membranb 932 to 933 - 

Filter Methods 
11-5 (D.7) to 
11-6 (D.16) 

B. ' Sequencing ; 
- 1. MF Methods . 

2. MPN Methods (48 hour test procedures) 

3. Continue with MPN test rack (the 48 hour examination for 
Coliforms and FecaJ.'^reptoeocci ) as demonstration. 

IX. JPW EQUIPMENT AND SUPPLY REQUIREMENTS: 
Av- Classroom EqujjJinent and Supplies: 

1. Blackboard and chalk. 
2; Demonstration setup • 

X. IPW REAGENT REQUIREMENTS: ' • ^ 

A. None required. * " • 

XI. DESCRIPTION OF VISUAL MATERIALS: . . 

^ A. None required 



4. 
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MPN Test Procedul'e - 



Day Two Laboratory 



48 Hour Examination. 



MF Test Procedure 



Run a given sample using 5 given 
sample volumes' using the m-ENDO 
broth plates which were prepared 
Monday, Selected sample volumes 
will depend on particular sample 
utilized.' 



MF Verification Test 

Continue-; verification test, 
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Read and Record. all tube, results. 
Transfer all positive lactose tubes 
to BGB and EC. EC tubes are dlscar/ied 
after 24 hours. All negative lactotee 
tubes are discarded. after 48 hours. 
All EVA tubes which are negative halve 
to be Inoculated again from Its original 
postlve AD tube which was retained from 
Monday . 



Sample Volumes: (Example) 
25ml ; 15ml ; 8ml 



3ml 



t3 



Inoculate positive lactose tubes 
tubes 9nd place in 44. 5C incubatoH 
Reincubate negative lactose tube? 
an additional" 24. hours. Record Results. 



.8ml 



EC 
or 



GUIDELINES FOR' 
INSTRUCTIONAL PACKAGE WORKSHEET 



I. SUBJECT MAHER: Use of Tables of MPN 



Summary of Topic Presentation 
III. ESTIMATED TIME: 45 minutes ' 



II. UNIT OF INSTRUCTION: 



IV. JUSTIFICATION. FOR THIS INSTRUCTIONAL OBJfCTIVE: Knowledge of^his material 
will enable the particit)ant to process completed 1 aboratory MPN data sheets 
to conipute the count/100 ml. I - 



V. ENTRY LEVEL BEHAVIOR: 
A. None' required. 
VI. INSTRUCTIONAL OBJECTIVE: 



A. Termfnal Behavior : The participant will be at)1e to properly utilize the 

MPN Tables to obtain MPN counts based upon laboratory data s^heet 
recordings of tube positive and negative results. 

B. Conditions ; Instructional material as covered in course training manual 
and the availability of the currenjt editibp of Standard Methods for the 
Examination of Water and Wastewater for reference. 

C. Accepted Performance : In attendance to the lecture covering subject 
material. Course examination may ccfntain questions^ regarding this ^ 
subject. • , ^ ^ 



yi I. INSTRUCTIONAL RESOURCES: . \ " ■ 

A. Availablelledia :^ 

• • ' ^ ' ' . ^ ; ■ ' 

1. Training manual outline: "Use of Tables of Most Pf^obable Numbers". Part 1 

■ 2. Standard Methods for the Examination of Water and. Wastewater (for- 
the 14th Edition: Pgs. 923-926}. '■ \ , ^ ' 

3. Eight simulated .data sheets- as handouts to each* participant to be. 
usqd as group instnictional device. ' 

B. Suggested Media : ^ , 
''^ 1. None. 
VIII. INSTRUCTIONAL APPROACH: 

A. Preparation for Instruction : ^ ^ 

1. Review training manual outline and pertinent pages of Standard Methods > 

2. Review the eight handout data sheets for proper responses. 
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3. Prepare lesson. 
B. Sequencing : , 

1. A convenient sequencing for presentation of this subject material 

* is that which follows from the training manual outline (Part 1). . 
This will also allow, the participants to raise questions with the 
sequential progression through the pages of the outline which should 

' -have been Vead by the participants. 

2. Handout the simulated 8 data sheets to each participant and as a 

group exercise obtain the correct MPN values. » . 

IX. IPW EQUIPMENT AND SUPPLY' REQUIREMENTS: . , 

A. For each student : 

1. Classroom equipment and $upplies«. ^ ' 

2. Blaplcboard and chalk. f ' 
X. IPW- REAGENT REQUIREMENTS: - ^ ' ^ 

A. None required. , - 

XI. DESCRIPTION OF VISUAL MATERIALS: \- ^ 
A. Eight handouts (Instructors solutions given): 

No. Data Sheet Identification Fecal ECB Code ' Code Selected ' MPN per 100 ml* 



1 


52 






5-2-1-0 


"5-2-1 . 


. 700 


2 


. 53 






. 1-0-0-0 


1-0-0 


' 20 


3 


54 > 






5-4-1-0 


5-4-1 ' 


1700 


4 


• ' 55 ^ 






' 5-4-2-1 


■ 5-4;3 


2800'^ 


5 


56 ■ 






d-o-o-o 


-0-0-0 


<20 


6 


57 






•d- 1-0-0 / , 


; 0-1-0 


200 


7 


58 






5-5-1-0 ' ' ' 


•5-1-0- 


3300» 


8 


59 






X-X-5-6 ' 


• 5-5-5 


^24000 



*14th Edition Standard Methods 
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FECAL COLIFO^ TEST 
. Multiple t>ilu«:on Tube - (WPN) Method 

Sample Source -/Be^ 2. ' lab. No. S^Z. 

-A Collection Date //u/7 4t:ime TO'.oo A ^M 

.Received, in Laborato^ry Wi3dA/M Test Started /o;3oA /t< 

T,x 1 By UJL kLA/c 
Rfemarks 



ml, sample 
per tube 



r.o 



tube 
code 



Presumptive 
LLSTB - 



24 hr. 48 hr. 



Fecal 
ECB 
24 hr. 



No. Tubes 
Positive 




"Code of Positive Tubes: - - mPN Index 
Fecal Conforms:' /100 mi Reported by: 
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FECAL C0LJF6RM TEST 
Multiple Dilution Tube (MPN) Method 



Sax^ple Source 
Station 



Received in Laboral 
Remarks 



'JtA4mt "'P^i^ ^ Lab. No. 5*^ 
Collection Dat ^/^'^/^ Tiroe ft ^sr M ^H 
hj^H Test StiaPted ^*^^".A /M 

By tlA 



>ry 



J 



ml sample 
per tube 


tube 
code 


Presump'tive 
/ LLSTB . 


vi*6cax 1 
ECB 1 


No. Tubes 
Positive 

m • 




24 hr. 


48 hr. 


24 hr. 


l.o 














b 1 




— 1 — 






c / 






+ 














- 




■ o.r \ 






















c 


WW 






J 

d 










— 






0.0/ 




fo^ 








• 


lb 








10 








id 
















0.00/ 




Z q. 










Z.k> ■ 
















Id 
























i- ' • 




















1 
























Code of I'ositive Tubes: - - . ^^P^ 


Index 



Fecal Coliforms: 



/lOO ml Reported by: 
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— FECAL COLIFORM TEST 
Multiple Dilution Tubqs (MPN) ji^^hod^ 

Sample Source E jj^lwt^ - 'Pto^ fL Lab. ^. ^f*f 
Station, 3 Collection Date V/a/z yrime f.-jfa A /M 
Received in Laboyatpgy "^^ A ]^M Test Started toisok flA 

By a/ /. y 



Remarks 



ml sample 
per tube • 


tube 
code 


Presumptive 
' LLSTB 


Fecal 

l&CB 
24 hr. 


No'. Tubes 
Positive 


24 hr. 


48 hr. 


1.0 

T'lldlMlMillW^^IJI; 

o.t 

0.0/ 

• 

0.00/ 


a* 


# . 






■ / - 

i 

t 

"-^ 








4- 






1 






« -4- 








• • 










-/ 

( 






















•f- ^ 


























^^^^^ 




/a- 


/ ^ 


















'f 





















































Code of Positive Tubes: - - MPN Index 



Fecal Coli forms: /lOQ. ml Roported by: 
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FECAL COLIFORM TEST.* 
Multiple Dilution Tube (MPN) Method 

Sample Sonxcce £ 0LLUt:t - Pia^i: 2.7. ' Lab. No. S5^ 

Station ° ^ Collection Date ^ATTV frime V. fC a /m 

Received in Laboratory "^^ A ^M Test Started^ ^'-^^ A j^M 

By, U 

Remarks ' 



ml sample 
. per tube 


tube 
code 


Presumptive 
LLSTB 


Fecal 
ECB 
24 ,hr. 


No* Tubes 
Positive 


24 hr. 


48 hr. 


ho 




+- 








b 


•f- 




-4- 




c 


-4- 




-4- 






•f- 


!35^ 

'> : 








••^ 1 






^, \ , „ 


h 








C ' 


> 




4- 




'• — - 














A 




•f- 






> 






* - 


— 


l<L 






A- 


Id 






- 


IJL 


— 1 




■■iiTmm 


- 


2,CL 










2.6 




i+- - 












Z<L 






































* 










• 





















Fecal Coliforms: 



/lOO" ml Reported by: 
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FECAL COLIPORM TEST ' . ^ 

Multiple Dilution T'ube* (MPN) Method 
Sample Source E ff^tueA -PJlg^i: ^ ^^ ab. no> 
Station^, L Collection Date V^V7V ^ime ^ : k4\ 

moo ^ 



Received in Laboratory Test Started ^f:<>S7 ipl 



^Remarks 



By J 



ml safnple 
per tube 



Ao 



tube 
code 



Ptesumptxve 
LLSTB 



24 hr. 



48 hr. 



Fecal 
• ECB 
24 'hr. 



No .Tubes 
Positive 




Code^>of Positive Tubes: - - mpn Index. 
Fecal Conforms; ^/lOO ml Reported by: 
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FECAL COLIFORM TEST 
Multiple Dilution' Tube (MPN) Method 

Sample Source. £ j^luu^-Pia^ ^ Lab. No. 
Station V Collection Date (//7/7 #iine ^iS'o. a /m 
Received in . Laboratory ^^'*^^A y^M TeW.^arted^{£/PA/M 

By fJl J 

Remarks 
ml sample 
per tube 



No .Tubes 
Positive 




Code of Positive Tubes: 



In*dex 



Fecal Coliforras: 



/lO.O ml Reported by: 
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FECAL COLIFORM TEST 
Multiple Dilution- Tube (MPN) Method f 

Sample Source E: IjMtJi^ -V^omt /L Lab. No. Tj* 
^ Station 3 Collection Date l/l*f /j^ Time f 6:Z6 a /m 
Received in Laborator y* A i^M Test Started ^{f^i^M 

Remarks — ! ^ 



ml sample 
per tube 


tube 
code 


Presumptive 
LLSTB 


■t ecai 

ECB 
24 hr. 


No. Tubes 
Positive 


24 hr. 


4 8 hr. 




(L 






— tA- 




L 

o 


-f- 




•H 




c 






-+- 




cL 






-f- • 


' 0 
^» 






•f 


0. 1 


Q 




c 












+• 




•+- . 




-+• 


s 


If' 




4- 










0.0 1 


"leu 








^^^^^ • 


Ih 










4- 






U 


















ZCl 












z6 








o.ooi 


z C 




4- 




act . 










2 je. 









Code of Positive Tubes? - - mpn Index 
Fecal Coliforms: /IQQ ml Reported Joy: _ 



FECAL COLIPORM TEST 
I^iultiple- Dilution Tube (MPN) Method - 

Sample Source E j^tut^ -P/eunt Z2. Aah, No. g<y 
Station Collection Date V^V/? j^ime /O'-Oo a /m 

Received in Laborator ^ * ^ ^ A lj^ Test Started^ ^'^^ A j/M 

By _ ' 



Remalrks 




Code of Positive Tubes: - - MPN Index 
Fecal CoJjiforms: /lOO ml Reported by: 
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GUlDELiNES .FOkf' 
„ INSTRUCTIONAL t>ACKA6E WORKSHEET 

I. SUBJECT MAHER: Verified Membrane Filter Teste . 

^ . ^. ■ ' • 

II.. UNIT OF INSTRUCTION: Summary of Topic Presentation 

III. ESTIMATED TIME: 40 minutes 

. IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Participant will be aware 
bf need and technique of performing the verification test for each of the 
standard indicator .bacteria. ■ ' - . 

V, ENTRY LEVEL BEHAVIOI^: • . • • ' " 

A. None 'required. 

_ VI. INSTRUCTIONAL OBJECTIVE: 

A. Terminal Behavior : The- participant will be able to utilize standard 
or experimental membrane: filter plates, intended for Total Colifonfi, 
fecal Colifonn, and fecal Streptococcus, to obtain pure cultures and 
process them for identification and calculation of a percent verificar 
tion. 

B* Conditions : Instruction.al material as cpvered in course training manual 
and the availability of the current edition of Standard Methods for the 
Examination of Hater and Wastewater for reference. Verification test 
has already been initiated for the fecal col i forms during the first 
laboratory session allowing the participant some prior knowledge of 
this subject. ^"^1 . «^ 

C. Accepted Performance : In attendance to the lecture covering subject 
•material. Course examination may contain questions regarding this 
subject. 

VII. INSTRUCTIONAL RfeSOufo; . ^ » 

A. Available Media ; 

1. Training manual outline: "Verified Membrane Filter Tests" 

2. Standard Methods for the Examination of Water and Wastewater 
(for the 14th Edition: p^s. 931; 935i 945) 

B. Suggested Media: 

1. None ' 
VIII. INSTRUCTIONAL APPROACH: ' . ' 

, • A. Preparation for Instruction : ' ' . : . ■ ■ 

1. Revicuy training manual ('outline and pertinent pages of Standard Methods . 
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2- Prepare lesson- ' \* . \ 

— . ' * ^» ■ • • 

* Sequencing : 

!• 'A convenient sequencing for presentation of this sabject material 
is that which follows from the training manual outline. This will 
also allow the participants to raise questions as they not only 
* should have read the outline but have processed fecal Coliform 
' cultures for verification in the laboratory exercises, 

IX- IPW EQUIPMENT m SUPPLY REQUIREMENTS: ^ , ^ ^ 

A, For each student: 



1, Classroom equipment and supplies, ; 

2. Blackboard and chalk. . 
X, IPW REAGENT REQUIREMENTS: ' 

A. None^ required* 
XL DESCRIPTION OF VISUAL MATERIALS: 
^. Nofie required. 

Instructor may elect, to show laboratory preparations of the verification 
test during the presentation. Since the fecal Col if onus were participant 
processed, the d^nion$tration choice coirld involve the Total Coliform 
and/or fecal Streptococci. 
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GUIDELINES FOR 

INSTRUCTIONAL PACKAGE WORKSHEET 
^ 7^ • / ... 

I. SUBJECT MATTER: eacteriolpgical Laboratory: .Equipment, Materials, 
' ancf Supplies _ • ' " ' 

li: UNIT Of INSTRUCTION: Summary of Topic Presentation 

III.. ESTIMATED-TIMEr 1 hour arid lb minutes 

IV. JUSTIFICATION. FOR THIS INSTRUCTIONAL OBJECTIVE: Participant will be 
aware of the materials, equipment, and supplies that should be avail- 
able to the bacteriological laboratory to perform in an acceptable 
manner. / 

V. ENTRY LEVEL BEHAVIOR:- 
A. None required. 

VI. INSTRUCTIONAL OBJECTIVE: 

A. Terminal Behav^ior : The participant will be knowledgeable of the' 
materials, supplies, and equipment which shou'Td be available and 
operational in a bacteriological laboratory whit:h is capable, 
dependent upon correct analyticaV procedures, of performing .in 
an acceptable manner. 



B. Conditions : Instructional handout material (if desirable by 
instructor) listing Capital Equipment, ''Reusable supplies, and f 
consumable supplies of some representative test procedures by 

a bacteriological laboratory. . ; . - 

Current Edition of Standard Methods for the £xamination of Water 
and Wastewater for reference. ' ' 

Som^ exposure to bacteriological laboratory mater^ial, equiprlient 
^ and supplies has :al ready occurred during laboratory sessions. 

C. Accepted Performance : In atte>idence to the lecture covering 
subject material and instruct^ir\^observation of techniqOes during 
laboratory sessions. Course examination may contain questions 
regarding this subject. 

VII. INSTRUCTIONAL RESOURCES: - ' • 

A. Available Media ; 

1- standard Methods' for the Examination of Mater and Wastewater 
(for the 14th Edition: Pgs. 880-884, 885-886, 887-891). 

2. Equipment and Sjupply Requirements (Instructor Guides and/or 
, handout material )-Representative Procedures.. ^ 

a. Standard' Plate Count (follows this IPW) • « - 
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b, . Cpliform'Test by the MiiltipTe Dilution. Tube (fJPN-) Method * 

c. ; tempt eted Test for the MPN -Method 
&. Total Col i form Test by, the Membrane Filter Method 

• * • ' * , 

3. Training Manual Outline: Testing The Suitability "of Distilled 
Water for the Bacteriology Laboratory. 

4. Instructor References Laboratory Safety Practices. 



B. Suggested Media : ' ;^ 
1. None 
Vin. INSTRUCTIONAL ApPROACHi 

A. Preparation for Instruction : 
* 1. Review written materials. 

Material - 
"Standard Methods 



Equipnjent and Supply ' 
Representative-Proce^ures' 



7' 



Outline: '^Testing the 
Suitability of Distilled 
• . Water for the Bacterio- 
ological" Laboratory 

Reference: Laboratory 
Safety Practices 

2. Prepare lesson. ^ 



• Remark^ 

Equipment* material* ancl supply 
requirements. A 

Review for typical requirements 
of a bacteriological laboratory- 
could be helpful to participant 
as\ handout. - ^ ^ 

Describes test procedi^re and 
requirements of a suitable water 
for laboratory use. 



General laboratory safety 



B. Sequenc 



1. A convenient approach<to this subjett would-be to: 

^a. Discuss the need forv ^nd ."basically cover, the distilled 
c water subject. ^ 

b. 4Jtili2e the equipment and supply requirement lists to describe 
I'saitably equipped laboratory. . Indicate unsuitable practices 
as the subject occurs such as: ^ . » 



Accepted Practice 

• Autoclave meeting- 
requirements 



Unsuitable Practice 

Poor p^cpssure cooker 
equipm^n^ ^ . 
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' .pH meter meeting - Poor practice of 
« requirements using pape^r pH - ' 
0 « ij>dicator' 


* 


• 

* 


incubator meeting , Incubator "with "hot" \ 
~ requirements - and "cold" spots which A 
. • are used. 

Refrigerator meeting Refrigerator freezing 
requirements , contenifcie" having edibl6 ' 
• ■ *- foodsij' cojitaining organic 

material fumes, etc. 

c. "Discuss GenerafTaboratory Safety. ' ' ■ " ■ 

d. If time and facility arrangement allows, a tour through 
.laboratory, preparation area could be scheduled. ■ 




':ix. 


IfW EQUIPMENT AND SUPPLY REQUIREMENTS: ' ^ 
A. Classroom equipment and supplies^ , ' , , . . - % 


w 




1. ' None ^ ' ' \ . , ^ . . . * . ; 




X. 


IPW REAGENT REQUIREMENTS: . • ' 
, A. None required. • - / 


I? 


XI. 


DESCRIPTION OF VISUAL MATERIALS:- . 
A. None required. ' . <^ 

> 

r 


1 




• 

* * < ) ' 
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WATER HONITdRING PROCEDURE: Standard Plate Count ' • 

Equipment and Suppjy Requirements ^ 

A. Capital Eljuipment: 

}f Autoclave/^, providing uniform temperatures up to and including 121^ C, . ; 
equip'ped,with an accurate thermometer, pressure gauges, saturated 
• steam power lines and capable- of reaching required temperature within 
30 minutes. ; ^ • 

2. Balance, 0.1 g sensitivity atlpad of 150 g. ' - - 

3. Incubator*, air, to operate .at 35*" C + 0.5*" C. 

4. Oven*, hot-air sterilizing, to give uniform temperatures and with 
suitable thermomejter to register *accurately in range of 160-180*^ -C. 

5. pH Meter, accurate to at least 0.1 pH unit, with "standard pH reference 
s61ution(s). . . , 

6. Water Distillation Apparatus*, glass tor block tin,. or source of distilled 
wate4 suitable for bacteriological operation^. 

7. Incub^ator*, Vater^ to operate at 45*^ + 1^ C. 

8. Refrigerator*, to operate. at 4*^ C. . , ^ 

9. Thermometer, mercury J^ulb,-certified NBS or calibrated against a certified 
NBS thermometer 0.5*" intervals and have 160-180*" C as part of range. 

B. Reusable Supplies: , . 

*1. Apron or coat suitable for laboratory.. 
• "2^ Baskets,, wire for discarded cultures. 

< 3. Bottles, dilution*, 6 oz: screw caps, with 99 ml volume levefl etched on. 

one side. ' 4 > • . . - ^ 

.A. Bottles, s'ample*, preferred characteristics being 250 ml t6-8 02.), ■ 

wide mouth, glass stopper. ^ - ^ . ^ ^ 

5.. Bottle, squeeze type, with* disinfecting ^bluti.oni ; * ^ ' 

6. Burner, gas, Bunsen burner type^^* '* - • / / 

7. Cans,-pipet, -aluminum or steel; not copper (If plastit, or' Other* type of. 
prepackaged disposable pipets are used, this item is unnecessary.) - - 

8. Counter, coTony, Quebec type, Darkfield model with guide plate, hand talley* 

9. Cylinder, graduated, 100 ml. ^ ^ " . ' 
10. Cylinder, graduated^^SOO ml. ^ ^ 

n. Disb*» Petri, steril^, 100 mm^ameter, > 15 mm in height, with glass or * 
porous tops preferred (presterilized, sterile one- time-use plastic tubesi. 
may b? used). ' ,^ 
12. Elask*, Erlenmeyer, 250 ml capacity. 
^ 13. Flask, Volometric, 1 liter. \ ^^-^"^ 

14. Pan, to receive discarded contaminated pipets amd glassware (must contain 
disinfectant before use). . ' 

15. Pipets*^ 1 ml, hav4ng 0.1 ml increments, sterile, cotton plugged, glass or 
disposable plastic, TO type' (NOT a "blowout" type). ^ . ' , 

16. Pipets, 5 ml, having 1 ml increments (have several on hand). . 

17. Sponge, for cleaning ^desk top. ' ' * 
IS."^ Thermometer, mercury bulb, certified NBS or calibrated against a certified 

NBS thennometeK-0.5*' intervals and have, 30-40*" C as part of^ range. 
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WATER MONITORING PROCEDURE* Standard Plate Count 
Equipment "and Supply Requirements (Continued) 

C. Supplies Used Up in the Analysis (must be replaced when stocks get low): 



1. 
2. 



Cotton, -rronabsorbent. 

Disinfectant, for bench tops. (Us^ household bleach solution prepared 
according to instructions on bottle.). 

Distilled w^ter, suitable for bacteriological cultures (note distillation 
apparatus required in capital equipment). 
EDTA (ethylene dini'trilotetraacetic acid): 
Feil, aluminum. 
Paper* Kraft. 

Magnesium Sulfate (MgSO^-THgO) (recommend purchase of 1/4 lb. =units-).. 

-8t- Pencil, wax, (recommend soft wax equivalent to Blaisdell 169T). 
9. Potassium Dihydrogen Phosphate (KHgPO^) (recommend purchase of 1/4 lb. units), 
10. Sheet, Data, SPC. ^ - 

Sodium Hydroxide (NaOH). 
Sodium Thiosul fate (NagSgOg. 5 H^O); 

Tryptose Glucose Yeast Agar, dehydrated jn&dium (recommend purchase of 
1/4 lb. unit). y 



3. 

4. 
5. 
6. 
7. 



. 11. 
■ '12. 

13. 



9 
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\ 
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*Items marked are needed in quantities or require size or spate allowances 
which canrrot be specified here, as they vary according to the daily- analysis 
schedu-le. As a rule-of- thumb, space/size or quantity -requirements, should be 
at least. 3 ttines the normal daily' requirements-. For further information on 
specifications for equipment of supplies, see the Microbiology Section of 
tlie current edition of Standard Methods for the Examination of Water and 
Wastewaterr ' " = : 7~ 
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WATER MONITORING PROCEDURE: Coliform Test by the Multiple 
^ , Dilution Tube (MPN) Method 



Equipment and Supply Requirements 

A, Capital Equipment: 

K Autoclave, providing uniform tempera-tures uprtp and including 121 C, 
equipped with an accurate thermometer, pressure gaiiges, saturated 
steam power line§ and capable of reaching required temperature within 
30 minutes . • 

2. Balance, 0,1 g'sensiti vity at load of (l50 g 

3. - Air Incubator to operator at 35'' C f u^'' 6 

4. Oven,* *hot-air sterilizing, to give unrform temperatures and with 
suitable thermometer' to register accurately in rangr of 160-180^ C 

5.1 pH Meter, accurate to at l^ast 0:1 pH unit, with standard pK reference 
* . \ solutions;(s) 

^ 6 J Water distillation apparatAiS, (glass .or block^ttn), or source of 
distilled, .water suitable for bacteriological operations 

° Reusable Supplies: * ^ \ . 




-1* Apron or. coat suitable for laboratory^ 
2, Baskets, wire for discarded cultures ' 
3/ Bottles, dilution*, 6-oz. screw ca|is, with 99 ml v>>lume level etched 
on one side 

4. Bottles, sample*, preferred characteristics being 250 ml (6-8 ozj, 
,wide mouth, glass stopper 

5. Burner,, gas, Bun?6n burner type . / - ^ 

6. Cans, pipet, aluminum or'steel; not copper (If pUstic, or other type 
of prepackaged disposable pipets are used, this item is unnecessary,) 

7; Metal caps* to fit 18, and 25 mm culture tubes 

8." Pan, to receive discarded contaminated pipets and glassware (must 

• contain disinfectant before use) ' 7 ' 

9'. inoculation loop, 3 mm diameter loop af nichrome or ^latinum-iridium ^ 
wire, 26 B&S gauge, in* holder / . *^ 

10. Pipets*, 1 ml, with 0.1 ml graduations,* Mohr type preferred, sterile, 
corcon plugged, glass, or disposable plastic 

11. Pipets/, 10 ml, with 1.0 ml graduations, Mohr type preferred, sterile, 
•cotton plugged, glass or disposable plastic 

12. Racks,^lture type*, 10 x 5 openings, to accept tubes at least 25 mm 
in diameter • ^^-^ ' *i ' 

13. Spohgfe, for cleaning desk top . _ 
14* Tubes, culture*, 150 x 25 mm ^ 

15. Tubes, culture*, 150 x 18 mm . ' 

Ifr. Tubes, fermentation*, 75 x 10 mm vials tp be inverted in culture tubes ' 
• ' » 

C. Consumable Supplies: * - * . . / . 

1. Distilled water, suitable for bacteriological cultures (note distillation 
■ apparatus required in capital equipment) " * ' 

2. \ B6LBB (Brillian-t Green Lactose Bite Brcrth), ,dehydrated (recommend purchas 

of 1/4 lb. units) 

3. Lactose Lauryl Su*lfate Trypto.se Broth, dehydrated (recommend purchase Of 
1 lb. units) * - s . • / 

4. Postasi urn* Di hydrogen Phosphate (KHgPO^) (recommend purchase of 1/4 lb", 
units ) " * 



* WAT^R MONITORING PROCEDURE: Col Uorm Test by the Multiple . ' 

Diiationnube (MPN) Method 

C. -Consumable Supplies (Continued): 

• . * 

5. Disinfectant, for bench tops. (Use household bleach solution prepared 
^ according ^to instructions on bottle), - . 

6. Wax pencils (recommend soft wax equivalent to Blaisdell 169T) ^ 

' 7. EDTAifi.thy1ene dinitrilotetraacetic acid) • ' •* ' 

8. Sodium thiosujfate (NagSgO^.S H^O) 

J 



' 4 



< 



Items^ marked are needed in qua.ntities or require size or space allowances which 
cannot be specified here, as they vary according to, the claily analysis schedule.. 
As a rule-of- thumb, space/sue or quantity requirements should be at least 3 times 
the normal daily requiroinentL For further information on specifications for * 
equipmfeftt-and supplies, see the Microbiology Section of the current edition of 

Standard Methods for the Examination of Water and Wastewater." 
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.WATER -MONITORING PROCEDURE: Completed Test for the MPN Method 

Equipment and Supply Requirements 
A- Capital Equipment: 

1. *Incubator, air, /to operate ^at 35*^ + 0.5*^0 

2. *Oven, hot air, sterilizing-drying, to give uniform temperatures and with 
suitable thermonieter to^ regifctjmr accurately in range of 160-180°C 

3. '*Autoclave;, providing uhifofm tttfnperatures up to and including 121 °C, 
equipped with an accurate thermometer, pressure gauges, saturated steam' 
power lines and capable of reaching required temperature within 30 minutes 

4. Balance, 0.1 g sensitivity at load of 150 g 

5. pH Meter, accurate to it least 0.1 pH unit, with standard pH reference 
solution(s) 

6* Water'tlistillatiofn^apparatus, (glass or'block tin), or source of distilled 

water suitable for bacteriplogical operations^ 
7. Microscd'pe, compound, oil immersion lens. Abbe condenser 

B. Reusable Supplies: 



1. Apron or c^ suitable for laboratory 

2. Baskets, wire for discarded cultures 

3. Tubes, *culture*,*'T50 x 18 mm (metal caps for fermentation and screw-cap 
for slants) 

4. Tubes, -fermentation*," 75 x 10 mm vials to be inverted in culture tubes 

j 5. Inoculation loop' and needle, 3 mm diaoieter for loop and both of nichrome or 

•platinum-iridium wire, 26 B&S gauge, in holders 
■ 6. Hotplate with magnetic whirl feature,- if desired ^ ' ' 

^ 7. Burner, gas, Bunsen burner type . . * 

8. Sponge, for cleaning desk top 

9* Counter, colony, Quebec .type, Darkfield Model with guide pl.ate 

10. Rack?^ culture type*, 10 x 5 openings, 'to accept tubes at least 25-mm in 
diametfer 

11. Pan, to. receive discarded contaminated pipets and glassware (must contain 
disinfectant before use) > 

12. *Flasks, Erlenmey^r, 500 ml; 300 ml; 250 ml 

13. **Cylinder, 500 ml; 250 ml ■ , 

C. Consumable. Supplies;: 

}. Bibulous paper . • . ' 

Zp Dishes,, petri, >00 x* 15 mm sterile plastic, disposable 

3. Disinfectant, for flench tops. (Can use household bleach solution prepared 
according to instructions on bottle.) 

4. Distilled water, suitable for bacteriological cultures (Note distillation 
apparatus required in capital equipment.) 

5. Eosin^ methylene blue agar, dehydrated (Levine modification) 

6. Gram stairi solutions, complete set 

7. Lactose .Lauryl Sulfate^Tyrptose proth, dehydrated ^ ^ * 

8. Nutrient agar, dehydrated • * - - 

9. Slides, microscopic, glasO" x 3" 
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WATER MONITORING PROCEDURE:* Completed Test for the MPN Method 



10. Foil, aluminum , 

11. Matches or striker 

12. Wax pencils (recommend soft as equivalent to Blaisdell' 169T) 




*Iteras marked are needed "in quantities or require size or space allowances which 
cannot be specified here, as they vary according tt) the daily analysis' schedule. 
As a rule-of- thumb, space/sfze or quantity requirements should be at least 3 times 
the normal daily requTrements . For further information on specifications for. 
equipment and supplies, see the Microbiology Section .of the current edition of 
"Standard Methods for the Examination of Water and Wastewater." 
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WATER MONITORING PROCEDURE: Total Coliform Test by the Hembr^ne Filter Method 

\ ■ \ • 

< « 

' Equipinent and Supply Requirements^ * 

A. Capital Equipment: - ' - 

1. Autoclave, steam, proViding uniform temperatures up to and including . ^ 
121/C and equipped with an accurate * thermometer, pressure gauges, 
saturated steam-power, lines and capable of reaching required >temperatur^s ^ 
within 30 minutes- .(Alternately, a suitable pressure cooker is accept^le- 
see Standard Methods for particulars.) 

2. Incubator, air, providing uniform and constant temperature of 35*^0. ' ' 
+0.5*'C and having an atmosphere of at least 90% relative humidity. ' • ' 

3. Oven, hot-air, providing uniform temperatures within the range of IGO-ISO^'C 

4. Apparatus, 'water distillation, distilled water product suitable for 
^^bacteriological operations (alternately, a suitable source is permissible). 

5. Microscope-, stereoscopic, 10X,to 15X magnification with fluorescent 
lighting mandatory. (Alternately, a suitable magnifying lens with 

- fluorescent lamp is acceptable.) 

6. Refrigerator, set for less than lO^^C but above the freezing temperature. 

7. Vacuum^ource, preferably a pump assembly, with suitable hoses and shut-off 
valve^ovided. (Alternately, an aspirator or hand pump with the same, 
.provisibns are acceptable.) 

8. Balance, analytical, sensitivity of \ mg. 

j^^fS. Gas source, suitable foroburner. (Alternately, an alcohol lamp can be - 
used.)' ' ^ 

B. Reusable Supplies: 

1. Apron, suitable for laboratory operations. 

2. Bottlei sample, of sufficient size for standard sample, preferably of 
250 ml, wide-mouth, glass stopper, with tag. (Alternately, 120 ml size) 

3. Bottle, squeeze type, ^containing disinfecting solution. 

4. Burner, gas,, suitable for laboratory operations with connecting hose. 

5. Thermometer, NBS*(or NBS calibrated), functions within 20*'-60*'C range 
with individual' markings of 1**C. , ' ^ "l^ 

, 6.. Thermometer, NBS (or NBS calibrated), functions within ISO^'-ISO^^C ran^ 
with indiy-idual marJ<ings of rc. . 
7. Filtra.tion Unit, MF, a seaijiless funnel attached to a receptacle bearing 
^ a porous plate (screen, porous disc, etp.) and- constructed, from stainless 
steel, glass, porcelain, plastic, or other suitable material. 
> 8. Hot plate^ controllable heat range up to the 100*^0 range. 

9. Balance, trip^ sensitivity of 0-1 gram at a load of 150- grams, with 
appropriate weights. 

10. Meter, pH, acdurate to within 0..1 pH unit, with suitable standard pH 
reference solution(s). , . " , ' 

11.. Can, pipet, non-toxic and sterilizable material^(if pre-sterilized 
disposable type pipets are used, this item is unnecessary)* • • 

12. Pan, discard, receives^ contaminated material arid pipets and contains 
disinfectant. Should be pf^sufficient length to receive* pipets placed 
* horizontally. ^ ... 

' *\'13. Cylinder, graduated, 500 ml, lOO'ml, 50 ml, and 25 midsize. 

(The 50-ml size is covered with a' "cap" of foil or Kraft paper and 
then sterilized.) * * • 



WATER MONITORING PROCEDURE: Total Col i form Test by the Membrane Filter Method 

Equipment and Supply Requirements (Continued)^ 
14^ frlank,' dilution water, 99 mV. 

15* Pipets, microbiological, 50* ml, with 0.1 ml; graduations, sterile cotton 

plugged, glass or disposable tyoe^ (the disposable types are for one time 

use and may be glass or plastic). 
16'. Pipets, •microbiological , 1.0 ml, with 0.1 -graduations, sterile cotton 

plugge^l, glass or disposable types (the disposable tyges are for one time 

use and may be glass>40r plastic). 

17. ^ Pipets, microbiological, 10 ml, with 1 ml graduations, sterile, cotton 

* plugged, glass or disposable tyoes (the dispdsable types are for one-time 
use ana may be glass or plastic). 

18. Beaker, 50 ml (for measuring pH). 

19. Flask, volumetric, 1 liter capacity (for stock" solution of phosphate 
buffer). 

20. Flask, Erlenmeyer, 500 ml capacity (for holding buffered distilled rinse 
water). - . , 

21. Flask, sidearm, 1 liter size (for reservoir of MF apparatus; proper size 
bored, rubber stopper is needed to connect MF filtration flask to flask 
and hose required to vacuum source (must be rigid enough to avoid collapse 
under vacuum and flqJcible enough to be con.tgolled by pinch clamp) pinch 
clanjp - vacuum control. 

22. Flask, Ei^^^eyer; 50 ml (for preparing m-ENDO medium). ^ 

23. Forceps, curved end, round tip.^ 

24. Bottle, small. Methanol or Ethanol volume to cover 'ends of forceps. 

25. Sponge^ small, to spread and wipe germicide. 

26. Desiccator, media storage, ideally , opaque or darkehed and containing 
desiccatirfg agent to remove moisture. ' 

C. Consumable Supplies:. ' \. * * . , 

1. Dish, petri, disposable, tight 'fitting plastic, 50 x 12 nin, sterile. 
2: m-ENDO Broth, medium, dehydrated, total col i form. Distributors, Difco, 
BBL, or other equivalent preparation^ • ; • ' 

3. Pencil, wax, rfeconnnended of soft wax equivarlent; tcL^laisdell 169T. 

4. Tags, bottle marking. . ' - ^ - 

5. Glass Wool . 

6. Cotton, non-absorbent. . ' ^ 

7. Paper, Kraft wrapping. 

8. Foil, aluminum, heavy duty. 

,9. Matches or striker* " . 

10. Towels, paper. > ; 

11. Detergent, non-toxic, laboratory cleaning. ' 

12. Data Sheet, as required by analyst's agency. . , ^ ^ 

13. Filter, membrane, 47mm, 0.45 pm'-pore size, white, grid marked, sterile. . 

14. Pad, absorbent, 48 niii; sterile (usually included with membrane packet). 

15. Potassium Di hydrogen Phosphate (KHgPO^), reconmended 1/4 lb. 

' 16. Sodium ThiosuTphate (NagSgOgSHgO). 

17. Disinfectant, for bench tops anci decontaminating purposes, bleach of ^ 
household strength and prepared according to label directions. 

18. Sodium HydroxideT(NaOH), IN. . . ' ' 

19. Distilled water, 'suitable for bacteriological j)perations. Obtainable 
from distillation apparatus (see Capital Equipment) or suitable .source 

' ^ ^ of"^u^ply. 



WATER MONITORING PROCEDURE: Total- Col i form Testjy the Membrane Filter Method 



Equipment and Supply Requirements (Continued) 



20. Magnesium Sulfate (MgSO/i-THpO). 

21. Ethanol, 95%. ^ 



A* 




Item needs in quantities or required size or space allowances cannot be specified, 
as they vary according to the daily analysis schedule. ' As a rule-of-thumb, space/ 
size or quantity requirements should be at least 3 times the normal daily require- 
ments. For Turther information on specifications fpr equipment and supplies, see 
the Microbiology Section of the" current edition of Standard Methods for the 
Examination, of Water and Wastewater . ' ^ 
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laboratorV safety practices 



Si 



- 1 INTRObuCTIOfJ^ 
A Sgife Use/ Handling and Storage of Chemica.l8 

1 Chemicals in any form* can be safely 
stored, handled, and used if their 
hazardous physical and chemical * 

. properties 4ire fully understood and the 
' necessary precautions, including the 
use of pj>oper safeguards and personal 
protective equipnvent are observed. 

2 The management of every unit within a 
manufacturing establishment muA give 
wholehearted support to a well integrated 
.safety policy. . < 

B General Rules for Laboratory Safety 

^ X Supervisory personnel should think 
"s^ety. " Their attitude toward fire 
and safety standard practices is reflected 
^ in the behavior of .their entire staff* 

2 A safety program is only as strong as 

th^ worker*s<V(iU to do the correct »' ^ 
things at the ri^t titnc. 

3 The fundamental weakness of most 
safety-programq lies in too much lip 
service to safety rules and not enough 
action ii^ putting them into: practice. 

4 S^eiy practices^hould be prstfstipal and 
i6iforceable, • * . , 



3 Stairways enclosed with brick or ^ 
cjpncrete walls 

4 Laboratories should have adequate exit 
doors to permit quick, safe escape in 
an emergency and to protect the 

' occupants from fires or accidents in 
adjoining rooms. Each room should be 
checked to make sure there is no 
chance of a person being trapped by 
fire, explosions, or release of dangerous 
gases. 

5 Laboratory rooms iif which most of the 
work iSjC%rried out with flammable 
liquids br gases should be provided 
with explosion-venting^windows. 

B Arrangement of Fu^'niture and Equipment 

1 Fufhiture should be arranged for 
maximum utilization of available space 

"arid should^ provide ^working conditions 
that are efficient and safe. 

'\ 

2 Aisles between benches should be at 
least 4 feet wide to provide adequate 
room fqr passage of personnel and 
equipment.' 

3 Desks should be isolated from benc^ies 
or adequately protected. 

4 Every laboratory should have an eye- 
^ wash station and a safety shower. 



5 Accident prevention is based oa certain 
(Common standards of education,, training 
of personnel and provision of safeguards 
against accidents. ; 



n LABORATORY DESIGN AND EQUIPMENT 
A * Type of Construction 

1 Fire** resistant or noncombustible 

2 Multiple story buildings should h^ve 
adequate meana of exit.^ ' 



^ C Hoods and Ventilation 



1 Adequate hood facilities should be 
installed where work with highly toxic 
or highly flammable materials are psed. 

2 Hoods shoruld be ventilated separately 
and the e^oiaust should be terminated 

^ slX a safe distance from the building. 

3 Make-up air should be supplied to 
rooms or to hoods to replace the 
quantity of air exhausted through the 
hoods. 
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Hood Ventilation systems are best 
designed to have an air now,o£ not less 
than 60 linear feet per nainute across 
the face of the hood« ^Ith all doors open 
and 150» if toxic naaterials are involved. 

Exhaust fans should be spark^proof if 
exh^sting flammable vapors and 
corrosive resistant if handling corrosive 
fumes* 

Controls for all services should be 
located at the front of the hood and 
should be cg^erable when the hood door 
is closed. 

*f 

All lab&ratory roozJis should have the 
air changed continuously at a rate 
depending on the n]|aterlals being 
handled* 

D Electrical Services 

^1 Electrical outlets should be placed 
outside of hoods to afford easy access 
and thus protect them from spills and 
corrosion by gases* ' 

2 Noninterchangeable plugs should be 
provided for multiple ele,ctrlcal services* 

3 Adequate outlets should be provided anc) 
should be of the thrpe-pole ty^e to' 
provide for adequate grounding* 

E Storage 

1 Laboratories should provide for adequate 
storage space for mechahlcal equipment 
and glassware which will be used 
regularly* 

2 Flammable solvents should not be stored 
^ in glass bottles over one liter in size* 

Large quantities should be stored in 
metal safety cans* Quantities requiring 
containers larger than one gallon should 
be stored outside the laboratory* 

3 Explosion pt^t refrigerators should be 
used for the storage of highly volatile 
and flammable solvents* 



'' 4 Cylinders of compressed or liquified 
gases should not be stored in the 
laboratory* ^ 

F Housekeeping 

1 Housekeeping plays an Important role 

in reducing the frequetncy of laboratory ^ 
^ accidents* Rooms sh<ould be kept in a 
neat drderly condition* Floors* shelves, 
and tables should be kept free from 
^. dirt and from all apparatus and chemi- 
cals not in use* 

2 A^ cluttered laboratory is a dangerous 
place to workr. Maintenance of a clean 
rknd orderly wprk space is indicative of 
/interest, personal pride, and safety* 

' mindedness* « 

- i . Passageways should be kept clear to all 
building exits and stairways* 

4 Metal containers should be provided for 
the disposal ot broken glassware and 

' should be properly labeled* 

5 \ Separate approved waste c^sposal cans, 
'^hould be provided for the disposal of 
Wast^ chemicals* ^ 

6 Flammable liquids not miscible with 
water and corrosive materials* or 
compounds which are likely to give off 
toxic vapors should ne^er be poured 
into the sink* 

G Fire Protection 

L Laboratory personnel should be 

adequately trained regarding pertinent 
fire hazards associated with their work* 

2 Personnel should know rules of fire 
prevention and' methods of combating 
fires w 
• 

~ 3 Fire extinguishers (CO^ type) should^ 
be provided at convenient jlo^ions and 
personnel should be instrmcCed in their 
use; ^ ^ 

4 Automatic sprinkler systems are 
effective for the control 'of fires in 
chemical laboratories* 
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Laboratory Safety Practice s 



H Alarms 



An approveti fire alarm system shoxda - 
be provided. 

Wherever a hazard'of accidental release 
of toxic gases exists* a gas alarm 
system to warn occupants to evacuate 
the building should be provided. - 

Gas masks of oxygen or compressed air 
type should be located near exits and 
selected personnel trained to use them. 



jn HANDUNG GLASSWARE 
^ ' A Receiving, Inspection and Storage 

t' • * 

« 1 Packages containing glassware should 
be opened and Inspected for cracked or 
nicked pieces, pieces with flaws that 
may become cracked In use» and ba^Uy 
shaped pieces. 

2 Glassware should be stored on well- 
lighted stockroom shelves designed and 
having a coping of sufficient height 
aroimd the edges to prevent the pieces . 
from falling off. 

B Laboratory Practice 

.1 Sele6t glassware that Is designed for the. 
, ;type of work planned. 

2 To»cut glass tubing or a rod, make a 
stralftlit clean cut^lth a. cutter or file 

« ^ , bX the point where the piece Is to be 

severed. Place a towel over the^plece 
to protect the hands and fingers^ then 
break away from the body. 

3 Large size tubing Is cut by means of a 
heated nlchrome wire looped around.the 
piece at the point of Severance. 

4 When It Is necessary to Insert a piece 
. of'glf 88 tubing orX rod throu^ a 

perforated ru$))<T or cork stopper, 
select the correct bore so that the 
Insertion can be mtfde without excessive 
strain. 



5 Use eltfctric-mantels for heating 
distillation apparatus, etc. 

6 To remove glass splinters, u^e a 
whisk broom and a dustpan. Very 

^ sniall pieces can be picked up with a 
large piece of wet cotton. 



IV GASES AND FLAMMABLE SOLVENTS 



•A Gas Cylinders 



Large cylinders must be securely 
fastened so that they cannot be dis- 
lodged or tipped In any direction. 



B 



2 Connections^ gauges, regulators or 

_ fittings used with other cylinders must 
not be Interchanged with oxygen 
cylinder fittings because of the possi- 
bility of fire or explosion from a 
reaction between oxygen and residual 
oil In the fitting. 

3 Return empty cylinders promptly with 
protective caps replaced. 

* ' *^ i' 

Flammable Solvents 

!■ 

1 Store in designated areas well 
ventilated. 

• I ^ 
2 , Flash point of a liquid is the temperature 
at which it gives off vapor^sufflclent to 
form an Ignltlble n>lxture with the air 
near the surface of the liquid or within 
' the vessel used. 

3 Ignition temperature of a substance Is 
the minimum temperature required to 
Initiate or cause self-sustained com- 
bustion Independently of the heatW 
heated element. 



:l]% or 



' 4 Explosive or flammable limits . For 
most flammable liquids, gases and 
. Solids there Is a minimum concentration 
of vapor in alqg)r oxygen below which 
propagation of flame does not occur on 

/- contact with a spurce of Ignition. ' 
There is also a maximum proportion of 
vapor or gas fa air above which 



/ 
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Laboratory Safety-Practices 



propagatlpn of flame does not occur. 
These liniit mixtures of vapor or gas 
with air« which if ignited wiU Just 
propajgate flame* are Known as the 
"lower and higher explosive or flammable 
limits." 

-* 
J? 

5 Explosive Ran^ge . The difference 
between the lower and higher explosive 
or flammable limits^ expressed in 
terms of percentage of vapor or gas in 
air by volume is known as the "explosive 
range." 

6 Vapor Density is the relative density 
of the vapor as compared with air. 

7 Underwriter's Laboratories Classification 
is a standard classification for grading 
th^ relative hazard of the various 
flammable liquids. This classification 

is base^d on the following scal^: 

Ether Glass 100 ' 

4C3asoline Class. . . « 90-100 

Alcohol (ethyl) Class. . • . 60 * 70 

kerosene Class ......... 30 40 

Paraffin Oil Class ..... . 10-, 20 

i • * • 

8 Extinguishing agents 7 



y CHEMICAL HAZARDS 
A Acids and Alkalies 



Some of the most hazardous chemicals 
are the "strong" or Mineral" acids 
such as hydrochloric* hydrofluoric* 
sulfuric and nitric. 



2 Organic acids are less hazardous 
because of their comparatively low 
ionization potentials. However* such 
acids as phenol (carbolic acid)* 
hydroi^yaijic and oxalic are extremely 
hazardous because of their toxic 
properties* 

3 Classification of acids 



B Oxidizing Materials 

1 Such oxidizing agents as chlorates* 
peroxides* perchlorates and perchloric 
acid« in contact with organic matter 
can. cause explosions and fire. ' 



2 They are exothermic and decor 
''rapidly* liberating oxygen which reacts 
with organic compounds. ' 

3 Typicalliazardous oxidizing agents are; 

Chlorine Dioxide 
^ Sodium Chlorate 

Potassium Chromate . 
Chromium Trioxide 
Perchloric Acid 

C Explosive Power * \ ' ^ 

1 Many chemicals are explosive or form 
.compotmds that are explosive and 
should be treated accordingly. 

2 A /ew of the n\ore coitimon examples 

of this class of hazardous materials are: 

Acetylides ^ 
Silver Fuhninate 
Peroxides 
Peracetic Acid 
, Nitroglycerine 
Picric Acid --^ 
Chlorine and Ethylene 
Sodium Metal 
Calcium Carbide 

D Toxicity 

1 Laboratory chemicals improperly 
stored or handled can cause injury to 
personnel by virtue of their toxicity. 

2 Types of exposure . There ar« four 
types of exposure to chejoiiea^s: 

a Contiact with the skin and eyes 

* b Inhalation 

c Swallowing " ^ 

d Injection 
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VI PRECAUTIONARY MEASURES 

A Clothing and Personal Protective Equipment 

^ 1 Chemical. laboratories should -have > 

special protective clothing and fequlpShent 
readily available for emergency use and 
for secondary protectlqAiof personnel 
Working with hazardous^aterials. 

2 Equipment should be provided for adequate: 

a E^ye protection ^ 
b Body protection 
c Respiratory protection * 
.d Foot protectloli 
e Hknd protection 

B Bodily Injury 

1 Bums, eye Injui'ies^* and poisoning are 
the Injuries with whldh laboratory 
people mi|st be most ioncehied. 



.1 



2 First emphasis in the laboratory 
shduld be on preventing accidents. 
This means observing all recognized 
safe practices using necessary personal 

^protective equipment and exercising 
proper control-over poisonous sub- 
stances at the source of exposure^ 

3 So that a physician can be summoned 

• promptly, every laboratory shoyl'd have 
posted the names, telephone numbers, 

^a*nd addresses of doctors to be called- 
ih an emergency requiring medical care, 

REFERENCES 

Guide for Safety in the Chemical Laboratory, 
the General Safety Committee of the 
Manufacturing Chemists Association, Inc,, 
Vaii Nostrand, New York (1954), 



This outline was prepared by Paul F, Hallbach, 
Chemist, National Training and Operational 
Technolo©r Center, MOTD, OWpO, ¥SEPA, 
Cincinnati, C^io 45268 * ^ ■ 

Descriptors: Safety, Laboratory, Practices 
Safety^ Laboratory Design Chemical Storage, 
Gas Cylinders, Flammable Solvents 
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TESTING THE SUITABILITY OF DISTILLED WATER 
FOR THE BACTERIOLOGY LABORATORY 



I IN^ 



)DUCTION 



rr REAGENTS 



B 



Standard Methods for the Examination of 
Water and Wastewater (I2th Edition) states; 

"Only distilled water or deinineralized 
water which has been tested and found free 
from traces of dissolved metals and bac- 
tericidal and inhibitoiT' compounds may 
be uBed for the preparation of culture media 
and reagents. Bactericidal compounds may 
be meaf ured by a biologic test procedure 
. . . . " This outline describes a suitable 
procedure. 

A need for such a test has been shown in 
the lack of reproducibility of l^late counts 
^and a possible cacxse of inconsistent re- 
sults in splij^^a^ple examinations. 




n THEORY OF THE TEST PROCEDURE 



Growth of Aerobacter aerogenes in a 
cheffiically defined minimal growth medium. 
The addition of a toxic agent or" a growth 
promoting^ substance will alter the 24 hr 
population by an increase or decrease of 
20% or more, when compared to a control. 



in APPARATUS AND MATERIALS 

A Glassware - rinse all glassware in freshly 

redistilled water from a glass still. The 
' sensitivity of the test depends upon the 
cleanliness oTthe sample containers, 
flasks, tubes, and pipettes. Use onljiL 

- boro silicate glassware. 

B Culture - any strain of coliform IMViC • 
type *HH- (A., aerogenes) > This can be \ 
easily obtained from any polluted river or 
sewage sample.. 



Use reagents of the highest purity. Some 
brands of potassium dihydrogenfphosphate' 
(KH2PO4) have large amounts /of impuritfes. 
The sensitivity of the test is controlled in 
part by the purity of the reagents employed. 

1 Carbon source - Sodium citrate, reagent, 
crystals (NasCgHsOY • 2320) 0.29 g 
dissolved in SOO'ml of-redistilled water. 

. 2^ £Sitjsi^gen source - Dissolve 0.60 g of 
ammonium sulfate, reagent, crystals, 
(NH4)2S04) in 500 ml of redistilled 
water. 

3 Salt mixture solution -^Dissolve the 
following compounds in 500 ml of re- 
distilled water. 

Magnesium sulfate, reagent, crystals 
<MgSO^ . THgO) 0.26 g. 

Calcium chloride, reagent, crystals 
(CaClg ; 2H2O) 0. 17 g. ' 

Ferrous sulfate, reagent, crystals * 
(FeSO^ • HgO) 0.23 g. - 4 

Sodium chloride, reagent, crystals 
(NaCl) 2.50 g. 

4 Phosphate buffer solution - Use a 1 to 
25 dilution of a stock phosphate solution 
prepared by dissolvin^4. 0 gm of 
potassium dihydrogen phosphate 
(KH2PO4) in 500 ml of distilled water, 
adjusting to pH 7. 2 with 1 N NaOH and 
dilutin^to 1 liter with distilled water. 

5 Toxic control - dissolve 0.40 grams 
CUSO4 • 5H2O in 100 ml of redistilled 
watei^ Dilute 1: 1000 for. 1 mg per liter 
Cu before use. 
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Testtog the Sultabfllty of Distilled Water 



B Sterilization of Reagentd 

♦ */ 

^Unknown d^tilled water sample - either 
boil for one minute or sterilize by mem- 
brs^e filtration. 



:Prepar^ reagents with redistilled wat^r 
heated to boiling fo^ 1 to 2 minutes. 
Phosphate buffer solution may be sterilized 
by MF filtration or boiling. 

Solutions are useful up to two weeks when 
stored at 5^C in sterilized glass stoppered 

bottles* .The salts solution must be stored - A Bacterial Growth 



Add a suspension of Aerobacter aerogenes 
(IMViC tjrpe — H-) of such density that each 
flask will cont^n 25 - 75 cells per ml. 
Make an initial bacterial- count by plating 
a 1 ml sample in plate count agar. Incu- 
bate test^ A-F at 32^ or SS^C for 20*^* 24 
hr. Make plate counts using dilutions of 
1, 0.1, 0.01, 0. 001 and 0.00b 1 ml. 



VI PREPARATION OF A BACTERIAL 
SUSPENSION 



in the dark because sunlight results in 
copious ferric ion, precipitation* . A" slight 
turbidity arising In the first 3-5 days 
does not detract from the usefulness of 
the reagents. 

V PROCEDURE 

A Collect 150 - 200 ml of water sample in a ' 
sterile borosllicate glass flask and sterilize. 
Label 3 flasks or tubes: A, B, and F. 
Add water \Sainples and redistilled 
water to eacn\flask as indicated at the 
bottom of the page. 



On the day prior to performing the distilled 
v^ter suitability test, inoculate a strain of 
Aerobacter aerogenes onto a nutrient agar 
slant with a slope of approximately 2-1/2 
inches in length contained in a 125 mm X 
16 mm screw cap tube. Streak the entire 
agar surface to develop a continuous 
growth film and incubate 18 - 24 hrs at 
- 35^0. 

B Harvesting Visible Cells 

Pipette* 1 - 2 ml of sterile dilution' water 
. froiy a -99 ml water blank onto the 18-24 
• h^ culture. Emulsify the growth on the 



Media 
Reagents 

Citrate* 

Ammonium sulfate 
Salt mixture 
Phosphate buffer (7 



Water^ I zng per liter Cu 
Unknown water 
Redistilled water 



TOTAL VOLUME 



STANDARD TEST 

Control Unknawn Toxic 
Dist. Water Control 




30.0 



OPTIONAL TEST 



Food ^-Ni^rogen ^ Carbon 
Available Source M Source 
C D E 



X • 
X 
2.5 
1.5 

X 
2X.0 
S.0< 



30.0 



• 2.5 

X 
► 2.5 
. 1.5 

X 
21.0 

. 2.5 



X 

2.5 
2.5 
. 1.5 

: X 

.21.0 
. 2.5 



30.0 \ 30.0 



OPTIONAL TEST 
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Testing the-Suitabllity of DistiUed Water * 



a 



|[l-2 ml 
slant 
wsush] 



99 
ml 



















99 




99 




ml 




ml 




1 




1 \ 



9 



1 . 1ml] 



FLAS: 





C 




■ ^ OPTIONAL 
' D \ TEST'' 

E J 



3?* 



. Slant by gently rubbing the bacterial film 
wijh the pipette,* being careful not to tear 
the agar, and pour the contents back into 
the original 99 ml water blank. 

C Dilution of Bacterial Suspension 

Make a 1 - 100 dilution of the original 
bottle into a second watej: blank, and a 
further 1-100 dilution of the second 
bottle into a third water blank, shaking 
vigorously after each transfer. Then 
pipette 0. 1 ml of the third dilution 
(1:1, boo, 000) into each of the flasks A, 

and F (see Standard Methods for 
Examination of Dairy Products, 12th ed. ). 
This procedure should result in a final 
dilution of the organisms to a range of 
25*75 viable cells for each ml of test 
solution. A 



D Verification of Bacterial Density 

* • 

AiSariations among strains of the same • 
organism, different organisms, media, 
-and i^urface area of age£r 'slopes will 
possibly necessitate adjustment of the 
dilution procedure to arrive at a specific 
density range between 25/ 75 viable ceils.. ^ 
To establish the 'growth r^nge numerically 
for a specific organism and medium, make 
a series of plate counts from the third 
dilution to determine the bacterial density. 
Then choose the proper volume from this 
third dilution which when diluted by the 30 
ml in the flasks A, B, and F will 



contain 25 - 75 viable cells pjer ihl. If 
the procedures are standardized ad to 
surface area of the slant and laboratory 
' technique, it is possible to reproduce re- 
sults on repeated experiments with the 
same strain of microorganisms. 

E Procedui^al Difficulties: 

r Chlorine or chlorkmine distilling over 
into receiver. Distilled watey should be 
checked by a suitable quantitative pro- 
cedure like the starch-iodide titration. * 
If chlorind is found, _sufficient sodium thio- 
sulfate or sodium sulfite must be ad^ed. 

2 Unknown<.¥atei? sample stored in^soft ^ 
glass^ containers or'glass containers 
without liners for metal caps. 

3 Contamination of reagents of distilled , 
' water with a bacterial background. „ 

4 Incorrect dilution of A. aerog^es to 
get 25 - 75 ceDs per nvl. V 

5 Gross contanaination of the sample de- 
termined by the initial colony.count be- 
fore iiilcubation. 

F CalQulation: 

1 For groT^th inhibiting substances: 

colony count per ml Flask B 
colony count per ml Flask A 

a Ratio OT 8 to-4,. 2 (inclusive) shows 
no toxic substances. . 
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Testtagjbr SOitability of DistiUed Water J 



'b Ratio' less than 0. 8 shows growth' 
inhibiting substances in water sample. 

2 For toxic control 

cokmy count per ml Flask F . » 
• colony count per ml Flask A . ^ ° 



OPTIONAL TEOT 

r 

♦For nitrogen and carbon sources that 
promote growth** ; 

colony count per ml Flask C ^ . 
colony count per ml Flask A ^ 



*For nitrogen sources \hat promote 
growth** ^ 



colony count , per ml Flask D 



colony count per ml F^lask A 



« Ratio 



*For carbon sources that promote 
bacterial growth** 

colony count per ml Flaslc E ^ Ratio 



colony count per ml Flask A 



G Iflterpretation of Results: 

1 The colony count from Flask A after 
f 20 - 24 hours, at 35oC will depend oji 
the number of drganisms initially 
planted in Flask A and on the strain of 
aero^enes used in the test procedure 
This is the "reason the control Flask^A 
must be run for ^ach individual sejries 
of tests. However, for a glveA stz^in 
of A. aerogenes under identical 
environmental conditions, the terminal 
count should be reasonably constant 
when^the initial plant is the same. % 

Thus, it is essential that the initial 
colony count on Flask A' and Flask B 
• should be approximately.equal to secure 
accurate data! > - « 

. / - • 




When the ratio exceeds 1. 2/ it may be 
assumed that growth stisftulating sub- 
stances are present. However, this 
procedure is an extremely ^sen'feitive 
test and ratios up to 3.0 would liave 
little significance in actual practice. 
Thorrefore, Test C, D, aiyi E do not 
s^pear necessary except in special 
oircumstances, when the ratio is 
bletween 1. 2 and 3> 0. 

Usually Flask C will be very lo^ and^ 
flasks D and E will have a z^atijAof less * 
than 1. 2 *when the ratio of FljtslyB / 
Flask A is between 0. S^otS^. 2; The 
limiting factors of growth in Flask A ^ * 
are the^ nitrogen and organic carbon 
present. An extvTemely large amount 
of ammonia nitrogen with no organic 
carbon could increase the ratio in 
Flask D above 1.2 or the absence of 
nitrogen with high cax^bn concentration 
could >give ratios above 1.2 in Flask' 
E with an A/B ratio' between 0« 8 and 

^ A ratio below 0« 8 indicates the water * " 
contains toxic^substabces and this ratio 
includes all allowable tolerances.., As 
indicarted in item 2 (above), the 1. 2 
ratio could go as. high as 3.0 without 
any undesirable results. 

We are un^bl^ to, recommend corrective , 
measures in specific cases of defective 
distillation apparatus. However, a 
careful inspection of the distillation 
equipment and a review of production 
and handling .of th^^^^StHle^Vater ^ ""^^^j^ 
should enable,.t^lbcal laboratory ^ 
persSnHeTlo correct the cause of t 
difficulty. 



"^Dp tSbt attempt to calculate ratios,. 3, 4, or 
5 when ra^o 1 indicates a toxic jreaction. 

Ratio in excess of 1.2 indicates available 
source for bacterial growth. 
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Testing tor SuitabUity of DiBtiUed Water 



CASE EXAMPLES 



Test results for various distilled water samples 



SOURCE 
1 

'* 2 
3 

. 4 

5 

5 



TEST 
COUNT 




REFERENCES 



CONTROL 
COUNT /^~" ^Tto 

120,000 

170, QOO 

14. 000 

14, 000 

60, 000 

37, 000 



.0.4 

1.^- 



1.5 
22.9 



INTERPRETATION 
Toxic Substance 
Toxic Substance 
-Excellent water 
Excellent water 
Growth Substance 
Growth Substance 



1 Standard ^Methods for Examination of Water 
and Wastewater. 12th ^Edition. 1965. 
p 578. ^. / 



2 Geldreich, E. E. and H.'^P^^ark. Dis- 
tilled Water Suitability for Microbiologi- 
cal Applications. Journal Milk and Food 
Technical. ' In Press. 1965. 



This outline was Drpn«r*ir< bv E, E G«»lrtriiirh. 
Chief Bacteriologist, Water lstq^^*Pl»g)c^n 
tetvlsicn, WPO, EPA, Cincinnati/ OH 45268. 



Descriptors: Bacteria, Microbiology, 
Laboratory, --Water Supply, Distillation, 
Water Quality Control 
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GUIDELINES FOR 
INSTRUCTIONAL PACKAGE WORKSHEET 
•' . - ■ • . 

I. SUBJECT MAHER: Colony Counting on MF (Membrane Filters) ^ 

11. UNIT OF. INSTRUCTION: Summary of Tdpic Presentation •* \ "' " 
III. ESTIMAXED TIME: 40- minutes ' 'v. ' 

IV. JUSTIFICATION fOR THIS INSTRUCTIONAL OBJECTIVE: Coverage of this subject- • 
will give the participant the background knowledge necessary to recognize-- 
and enumerate appropriate colonies and obtain counts per 100 milliliters ^ 
for the selected 'membrane .- . . - 

V. ENTRY LEVEL BEHAVIOR: 



A. None required. 
VI. ' INSTRUpTjTONAL OBJECTIVE: 



I 



A. Teriinal Behavior : The participant will' be able to distinguish between 
c^^4»cteristic and uncharacteristic (or background) colonies for the 
ii/dic9tor bacteria on tj^ir particular.selective medium. He/she will 
select the suitable membrane for counti^ng purposes and obtain the mem- 
brane count per 100 milliliters -for recording purposes'. 

, B. . Conditions :) Instructional material as covered in Course Training 
Mar^'. 

C- AccWted Performance : - In attendance to the lecture material covering" 
subject matter. ^ 

VII. INSTRUCTIONAL RESOURCES: - 
A. , Available Media : " ■ 

1- Training Manual Outline: Colony Counting on Membrance Filters 
. 2. 17 slides of Xt33 Series: MF Colony Counting - 
B/ Suggested Media : • ' 

I. None 
VIII. INSTRUCTIONAL APPROACH: 



<^ A. Preparation for Inm-uction : 

1. Review visurHmd written material and prepare lesson. 

2. Sequence slides as desired and pJace iVsl^de tray. 
B. Sequencing; ' '%> . 

^ 1. iTse of Training M^ual Outline information: " 



, W.BA.mem.ipw.5.1.79 * , ' .: 20-1 
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a. Introduction 

b. 'Removal of Culture^ from Incubator 
- c. Drying Filteps before Colony Counts ^ 

d. Selection oV Acceptable Membrane Filter Culture for Ex&mination 

1) Non-Quantitative Tests 

2) Quantitative Tests 

e. Typical Calculations 

2. X-33 Series: MF Colony Counting : ' ^ ' . 

a. Use of Grid System in Counting (X33-1 to X33-2> 

b. Stereoscope and fluorescent light orientation (X33-3). 

c. Coliform colonies using^incandescent light (X33-4) 

d. . m-ENDO medium, showing extreme back^ground growth (X33-5) 

e. TNTC (too-numerous -to. count) m-ENDO plate (X33-6) 

f. m-ENDO medium. Colonies shbwing light reflection without 
sheen (X33-7) 

g. m-ENDO medium. Confluency land light reflections (X33-8) ^ 

h. m-ENDO miedium. Confluency (X33-9) 

i. m-ENDO medium. Sample volume; concentration in portion of 
working area. (X33-10) I 

j. m-ENDO medium. Air-bubble j Under membrane (X33-jr)' 

k. m-ENDO medium. Countable plate (m-ENDO) with. good colony 
^ distribution (X33-12} . i 

1. MFC medium. Some cAnfluency (X33-13) 

m 



MFC medium. Good distr-ibiitibn, 
ground growth. (X33-14) . 



x" and "y" indicate back- 



IX. 



n. KF Agar.\Overloaded TNTC plate (X33-15) 

0. KF Agar. TNTC plate with good distfibution of colonies (X33-16) 

p. KF Agar. Countable 'plate vlith good distribution of colonies 
(X33-17) ■ ! 

IPW EQUIPMENT AND SUPPLY REQUIREMENTS: ^ 

A. Classroom-equipmept and supplies-; 
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XI. 



1. Slide projector and tray 
' 2. Blackboard and chalk 
IPW REAGENT REQUIREMENTS: 
A.^ None required. 
DESCRIPTION OF VISUArMATERIAl:;S: 



A. » 17 Slides, X-33 
1. Slfde.X33-l 
•2. Slide X33-2 



Colony Counting on MF 
Effective Filtering Area and Colony Counting Pathway 

Visually Placing Colonies Within Various Grids , for 
Counting Purposes 



3; Slide X33-3: Stereoscope and Fluorescent Light Orientation 

4. Slide X33-4: Appearance of Typical Coliform Colonies Under 

Incandescent Light Source 

5. Slide X33-5: m-CNDO medium showing, too-numerous background growt 

6. Slide X33-6: TNTC m-ENDO plate 

'1. Slide X33-7: m-ENDO plate with examples of light reflection from 

• colonies without sheen ^ , • - 

8. Sl,ide X33-8: m-ENDO plate showing examples of confluent colonie; 
^ . and light reflection 

9. Slide X33-9: m-ENDO medium showing confluqnt colonies 

;10. Slide X33-10: Sample volume concentration in portion of working 

ar'ea 



11. Slide X33-11 

12. Slide X33-12 

13. Slide X33-13 

14. Slide X33-14 



Air Bubble under Membrane 

Countable Plate (m-ENDO) with Good Colony. Distriljution 

MFC Medium showing some Colony Confluency 

MFC Medium showing good colony distribution. "x"|and 
"y" indicate background growth. 



15., Slide X33-15: ' KF Agar. Overloaded TNTC plate 

16. Slide X33-16: KF Agar. TNTC plate with good distribution of 

colonies 

17. ' Slide X33-17: KF Agar.- Countable plate with good distribution of 

colonies 
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GUIDELINES FOR , • " 

INSTRUCTIONAL PACKAGE WORKSHEET ' «■ 

I. SUBJECT MATTER: Selection of Sample Filtration Volumes for Membrane 
• . Filter Methods « 

II. UNIT OF INSTRUCTION: Sunmary of Topic Presentation , ' ' 

III. ESTIMATED T^ME: 30 minutes ' ^ 

'IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: Participant will be 
ware of the importance and calculation of sample volumes regarding the 
use of the membrane filter method. 

V V. ENTRY LEVEL BEHAVIOR: . 

A. None required. 

VI. INSTRUCTIONAL OBJECTIVE: 

A. Terminal Behavior : The participant will be aware of the relationship 
of sample volumes to obtaining countable MF plates. He/she i(/ill be 
able to calculate sample volumes when the count/100 ml is known for a 
particular bacteriological parameter. 

B. Conditions : Instructional material as covered in Course Training Manual 

Accpeted Performance : In attendance to the lecture material covering - 
subject matter. [ 

VU. INSTRUCTIONAL RESOURCES: " . ' * 

A- Available Media : 

' !• Training Manual Outline: Selection of Sample Filtration 'Volumes 
for Wembrarfe Filter Methods, 

Suggested Media : * ' ^ 

!• None-required, 
VIIL INSTRUCTIONAL APPROACH: 

A- Preparation for Instruction : 

1- Review written material and prepare lesson. . 
B* Sequencing : 

1- A convenient approach to this subject would be to follow the order 
of presentation as per the outline nn the Course Training Manual: 

a. Introduction * ■ - 

1) Wide range of filtration volumes 
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2) Filter limitations with respect to number of colonies 

* 3) Formula for proportionality between colony counts and 
filtration volumes 

b. Bacterial -Density 

X 1) Minimum nutnber of colonies 
2) Maximjuin number of-colqnies 

c. Suspended Matter 

d. Range of Bacterial: Densities Covered by Sfngle-Volume 
Fil ^rations 

* 

e. , Application of a Series of Filtration Volumes 

1) Total Coliform 

2) Fecal Coliform 

3) Fecal Streptococci 

f. Selecting Filtration "Volumes for Membrane Filter Tests 
' 1) Total Coliform 

V 

2)' Fecal Coliform 
\ ' 3) Fecal Streptdcocci 
IX. tPW EQUIPMENT AND 'SUPPLY JIEQU I REMENTS: • 
A. Classroom Equipment and Supplies 
1. Blackboard and cbaljc ' 
X. IPW REAGENT REQUIREMENTS: 

A. None required. • ^ 
XI. DESCRIPTION OF VISUAL MATERIALS: 

A: None required. . ' * " ' . 
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SUBJECT MATTfeR^- AdvanCjS Preparations for Day Three" Laboratory '» 
WHEN ACCOMPLISHED: Approximately 1 hour prior to Day Three Laboratory 
ACCOMPLISHED BY: " Stai^f > 



^ TIME REQUIRED: 1 Hour 



Remove- any verification tests 
from incubator and* pi ace at 
proper postion. 

Remove 72 hour MPN tests from 
incubators and place each test 
rack at the proper position. 



\ 



PREPARATION REQUIRED 



REMARKS 



Collect sample for MF Testing 



Approximately, 4 liters, weTH mixed, and 
placed in individual sample bottles. 
Identical sample site as wafs collected 
on Day Two 



Place 6 KF agar plates/position 



KF Agar pre-prep^red by staff 



Have labor^itory operational fpr 
laboratory studies 



laboratory position 

2. Incubators operational 

3. MF data sheets distributed 



1. MF Test equipment/supplies at each 




4 
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GUIDELINES FOR 
INSJRUCTIONAL PACKAGE WORKSHEET 

I. SUBJECT MATTER; Laboratory Briefing- for Day Three 

II. UNIT OF INSTRUCTION: Sumnary of Topic Presentation 

III. ESTIMATED TIME: 30 minutes 

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: To ensure, understanding 
of previous laboratory work and to give a briefing for the work to be 
accomp>ished during Day Three Laboratory. 

' V. ENTRY LEVEL BEHAVIOR: • • . 

A. Having performed the previous laboratory assignments 

VI. INSTRUCTIONAL OBJECTIVE: 

• 

A. Terminal Behavior : The participant will be acquanited with the various 
areas of instructional material covered in the training course manual 
and better be ab.le to^'utilize them in an open book laboratory situation 
whic^h immediately follows the briefing session. 

B. Conditions :^ Instructional material as covered >in various parts of 
_ course training manual and as directed -by Verbal instructions. 

C. Accepted Performance : Utilization of assigned pages of course training 
manual in conjurTction with notes taken during briefing sessions. 

VII. INSTRUCTIONAL RESOURCES: ^ 

A. Available Media: 



1. Training. Manual Outlines: 

Outline . Section 



* MPN Methods 

Verified MF Tests 

Detailed Membrane 
Filter Methods 

Colony Counting -on 
Membrane Filters 

Suggested Media : 

1. None ' 



72 hour examination 



Verification of 
Fecal Col i forms 

Tests for Fetal 
Streptococci Group 

Complete 



. Purpose • t 

Provides correct 
procedural sequence* 

'Continuation of 
verfi cation procedures 

Provides jirocedural 
information; ' ' 

Provides particulars 
pn MF colony counting 
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VIII. 



INSTRUCTIONAL APPROACH: • . • . 

A. Preparation for Instruction : 

* — » 

1. Review agenda for time sequencing Snd written material for content 
and prepare briefing. 

* \> ,^ 

2. Prepare handout (or use blackboard, if 'desired) ifidicating to 
trainee the written material to review. An example of. such a 
handout" would be as follows: 



Item 

MPN Methods 
(72 hr procedure) 



MF Methods 



i Outline and Pages 

Examination of. Water 
for Col i forms and 
Fecal Streptococcus 
Groups : > 

3-15; '3-18; 3-20; 
3-21; 3-24 • 

Detailed Membrane 
Filter Methods: 

11-8; 11-9 
11-11; 11-12 



Standard Methods (14th Edition) 



916-917; 920-921; 922-; 943 



^36-937; 944-945 



IX. 



B. Sequencing ; 

1. MF Methods (LES Agar techniques and KF Agar techniques) 

2. MPN Methods (72 hour test procedures ):« , 

3. MF Colony Counting 

*4. Continue with MPN test. rack (the 72 hour :exami nation procedures) 
, IPW EQUIPMENT AND SUPPLY REQUIREMENTS: 
A. Classroom Equipment and Supplies: 

1. -v Blackboard and chalk. ' ■ . ^ 

2. Demonstration setup 
IPW REAGENT REQUIREMENTS: 
A-. None required.. 
DESCRIPTION OF 'VISUAL MATERIALS: 
A. None required. 
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Day Three Laboratpry 

MPN TEy PROCEDURE : 

!• Hour Examination 



MF TEST PROCEDURES : ' / 

!• Run a given sample for 6 sample 
volumes and plate out within the 
6 LES ENDO agar plates which were 
prepared on Monday 'and saved. Use 
sample volumes which are consistent 
with Total jcoTi form counts observed , 
during the^week as the same sample 

. location will be used for this 
sample. Do not plat6 out on the ' 
ENDO medium, but, instead, use an 
LST saturated pad within' the cover 
af the*dis>i. Maintain the plate 

■ -at^ C and\ just before leaving the 
lab^ransfer to the LES medium and 
dlsc^ircJ the pad. 

, Count and\6cord the results of the 
. . ^ total col i form MF plates Vun Tuesday. 

3. With a given sample pi ate- out 5 fecal 
streptococci plates. The plates have 
been, preparepared^^and ^re Kf Agar. 
The sample is the/same as that which is 
\ used' with the LES technique above. 

MF Ver'fication : : 



1. Continue verification test. 



LST is lactose broth. 



Approp»:iate samples volumes will be 
given by instructor. ^ 



i 
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GUIDELINES FOR 
^INSTRUCTIONAL PACKAGE WORKSHEET ~ 

I. SUBJECT MATTER: Collection arid_Handling of Bactec-iologijc*lc-Samp}es — 

II. UNIT OF INSTRUCTION: SOmmary of Topic Presentation 
III. ESTIMATED TIME: 45 minutes 

IV, -JUSTlhCATION FOR^THIS INSTRUCTIONAL OBJECTIVE: Knowledge of this material 
the participant to collect representative and un contaminated samples 
to be, handled in a manner allowing sample processing which" more nearly 
represents ttie original sample. 

V. ENTRY LEVEL BEHAVIOR: . 
•• • . ■ • 

A. None required. • • 

VI. INSTRUCTIONAL OBJECTIVE: • ^ 

A. Terminal Behavior: The participant will be "knowledgeable' regarding the 
current requirements for collection and handling-oT bacterioloqical 
samples as stipulated in Standard Methods for the Examination of Water 

; ^ and wastewater (Edition lawfully accepted in the Federal Register). 

B. Conditions: Instructional material as covered' in course training 
f??"?Ife?enJe? '"'.'"^'^^^i^y edition of Standard Method^ . 



- C. > Accepted Performance: In attendance to the. lecture ma teri^? covering 
subject material . • - . , 

- ,- .»'. ' 

VII. INSTRUCTI^fiAL RESi)URCESt» , 

A: Available Me dia: * : r » ' 

. 1. Training ManuaJ outfine: Collection and Handling of Bacteriological 
Sampl es - . . ■ ' ♦ 

♦ » "' ^ 

' 'ind^^^^ Methods4For^tfte 14tfi Edit;ion: pp;.,879; 884-886, 
' ^ 904-906) • • c ' 

. '3. 14,Slide'X38 SeVies'i' • ' . ' 

. 'B. > 5uqges»feed Media • ; ' . ~~" ' ' 



1. None' .1'.* . ' ^ 

VIII. instructional; appr|achV ' - > ^- ^ 

. ^'^ A. • Preparation for Instruction • ' ' . 

r*=' r / 



1;. Reyij8^»\risiial and written material and prepare lesson. 

2., Sequence slides ^desired ^ind pjace'in slide' tray. 

' ■ . ' ' ■■ r 

.3.. Prepare any handout mateVial if des4red, and arrange to have ah 



2uate supply prepared. * . ' 

mble any desired demonstration equipment/materials and ' j 
arrange tkhave than avail aMe for the presentation. 

#' ' A 

B. Sequencing : » . - , 

« • ClasSroom presentation of X38 - - • " • •* 

a. Comparison of 12th Edition of Stagdiffd^ Methods to 1934 * 
• 5 Ministry of Health (London, England) Slide X38-1. - .. 

b. Changes from 12th Edition to 13th. Edition of Standard 
Methods.- Slide X38-2.' ' - . . 

c. Examples of unacceptabfe sampling devices. Slides X^8-3 
to X38-5. . ^. ; ^ 

d. Examples of acceptable sampling devices. STides X^8-6 

to X38-n.' * ' /V 

e. Obtaining iprab' sample Slide X38-12. < - ^ • 

^ ' * • i& 

f. Improperly "decaryting" sample to obtain air sgace'.^ Also 
"hood" sepa^at^from stopper. Slide X38-13. 

g. Recbrdirig data on bottle label. Slide X38-14; ^ ^ ^^^f ^ 
IPW EQUIPMENT AND SUPPLY REQUIREMENTS:, ' ; 
A. tlassroom Equipment and Supplies. ^ . 

1. S}ide projector and trav. ^ ^ ; 

2. * Blackboard and chalk* * . - , * 

IPW REAGENT REQUIREMENTS: - - ' ^ ' ' V ' , ' 

A. None re^quired. * ' . - 



DESCRIPTION OF VISUAL; MAT£RIALS 

A, 14 slides', X-38: Collection and Handling of Bacteriological Samples. 

' 1.' Slide X38-1: Printing: - Comparison of 12th Edition of- Standard. 
• - Method' .to* 1934 Ministry of Health (London, England).' 

"2. Slide X38-2: 'Printing: Reservation and storage. Changes from 
' 'Uth Edition ofv Standard Methods to the 13th E<iition.. 

. - * * A * » . 

3. Slide X38-3: PhVto: Spring .loacied device. 
. 4. Slide X38-4: Photo: Kemmerrer SampTer. " ( 
5. Slide X38-5: Photo: Van Dorn Device." . ' 



% 

6. Slide'X38-6: Photo: "Lever-type'Mampljrig device in "closed" \ 
' position. ^ • • « • . I 



7. Slide X38-7: Photo: "Lever- type" sampling device in "open" 
position. . \ 

8. Slide X38-8: Drawing: Detail- of "Lever-type"Uajtipling device. 

9. Slide X38-9: Drawing: Detail of sterile' bottle in device. 

10. Slide X38-10: Photo: Sterile bottle in model shop made 
holding device. , ^ ' 



tl. Slide X38-11 

12. Slide X38-12 

13. SlideX38-13 



Sterile bag sampler. 
Obtaining a grab sample. 



... Erroneous grab sample 

technique: "decanting samp.le" to obtain air space and separating 
hood from stopper. , . \ 

04. Slide X38-14: Recording data on bottle label. 
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GUIDELINES FOR 
INSTRUCTIONAL PACKAGE WORKSHEET 



X 



^SUBJECXJIATTER: — Intr-oduGt^ioiM:(^^tat+5^i<:^-dfld^ 



II. 
III. 
IV. 



UNIT OF INSTRUQT.ION: Summary of Topic Presentation 
■ESTIMATED TIME: 120 minutes 



7 



V. 



VI. 



VII. 



JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: ' A basic knowledge of 
statistics is essential in many survey operations, and, certain calcu- 
lations, such as the Geometric^ Means, is necessary in bacteriological 
report computations'. 

ENTRY LEVEL BEHAVIOR: ' ; 

A. None required. • ' 

INSTRUCTIONAL OBJECTIVE: 

A. Te^rminal Behavior : The participant will be acquainted' with the basic 
^terminology of statistics. He/she will have an understanding of the 

measures of central tendency and be able to calculate theJ5eo'me=tp^i-c 
T^eans. 

B. Conditions : Instructional material as selected by instructor and 

may consist of handouts, }(-T units (slide tape), and verbal instructions. 

' Accepted^ rformance : In attendance to the classroom session cover- 
ing subject material. 

INSTRUCTIONAL RESOURCES: 

A. Available Media: , ' 

1. Handout outline: Statistics for Chemists. 

i-._XiI.UniJ_JsJ.ldejtap_eJ_L_.J^^^ Mean.4XT--86)^3 tapes_of 35 

minutes runoing time having. 78 slides, 3 scripts, and a handout. 
. This unit can be requested on loan for review. 

B, . Suggested Media : 

1. None. • " " . 



VIII. 



INSTRUCTIONAL 
A. _ Preparatio 



APPROACH: 
for Instruction :. 



1. Read written material which includes: 
• a.' ' Outline: Statistics for Chemists 
': b, ,XI J3f \this IPW: Description of XT-86 slides 

✓ \ •8' 



ST.ipw.3.1.79 
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2. Decision required: What 'media will I use? 

a. None of the available media - prpcee'd to prepare lesson as 
7 7 ~ ^desired to meet terminal behavior requirement. 

b. Outline only - Prepare required copies and proceed to prepare 
les^^JfT to meet terminal behavior requirement. 

c. Outline plus XT-86 Series - Prepare required outline copies; 
Order XT-86 unit from NTOTC; and, after familiarization, 
prepare lesson as patterned in VTII. 

B. Sequencing : \ * ^ . 

1. Distribute copies of handout outline. 

^ 2. Utilize handout sequencing*^ to provide statistical basics, 

3. -DistHbute XT-86 handout (single copy is part of unit) to 

participants (copies must be made prior to session). ^ 

4. - Initiate programming of XT-86 unit as directed. 

Note: The following information pertains to the XT-86 

•Geometric Means Unit. See XI for a brief description 
of the slides. ^ - ' ' 

.Abstract: Jhe instructional objective is to teach the procedure 
for the calculation of the geometHc mean of fecal 
coliform counts when using .logarithms. The viewer 
may or may not^have used logarithms ."^but should be 
able to. add a series of decimal numbers and divide 
the total by some whole number. The procedure is 
illustrated with examples. - Sample probleips are to 
be worked by the student after viewifig the program. 
Two checks for gross errors are given. 

*For: Persons who have a secondary^educati on or equivalent. ; 

No^es: Time. of three tapes is '35 minuteV, with 78 slides, 
^3 scripts and^a handout. \ 

IX. ^IPW EQUIPMENT AND SUPPLY REQUIREMENTS: 

A. For each stuxlent : 

'\. Copfes of handout material: 

a. Statistics for Chemists 

■ b. XT-86 haridout ' 

*If the p^articipants have Jess than a secondary education, use XT-85 . instead Wh 
is intended for those with basic arithmetic skills only 



B. For Classroom: 



1. Blackboard and .chalk 



X. IPW REAGENT REQUIREMENTS: 
A. Noae 

XI. DESCRIPTION OF VISUAL MATERIALS: 
A. XT-86 Geometric Means 
Part 1 

1. EPA Symbol (XT-86- I-f) 

2. Logo (XT-86-I-2) ^ 

3. Geometric Mean-Part. I (XT-86-I-3) 

4. n Col i form Counts (XT-86- I -4) 

5. Data Set - Two Counts (XT-86-1-5) 

6. Data Set - Three Counts (XT-86-I-6) 

7. Importance of n = 3 (XT-86-I-7) 

8. Assumption (xY-86-1-8) ' * 
M 9- Definition for Geometric Mean (XT-86-I-9) 

10. Definition for Finding Geometric Mean (XT-86-I-10) 

11. Finding the Log in 5 Steps (XT-86-I-11) 

12. How to Find C (XT-86-I-12) 

■ ^ r ^ 

13. Finding d^(XT-86-L-13) 

14. ^ Obtaining C (XT-86-I-14) 
Calculating C»(XT-86-I-15) 
Write the Incomplete' (XT-86-I-16) ** 
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15 
16 
17 
18 
19 
20 
'21 



\ 



Common Logarithms Using the "Phone Book" (xf-86-I-17} , 
Locating the Mantissa (XT-86-I-18) - 
Examples of M-One Digit (XT-86-I-19) 
Examples of M-Two Digits -(XT-86-I-20;) 
Explaining M Tables (XT-86-i-21) 
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\ 



V 



22. Another Example (XT-86-I-22') ' ' 
23^-^f|jja1 Example (XT-86-I-23) 

24*. Summary of Steps' - Steps Land 2 (XT-86-I-24) 

"25. Step 3 (Xt-86-I-25) . * . , 

26. Steps^4 and 5 (XT-86-I~26) ' • 

^. End of Part I (XT-86-I-27) , ' ' ^ 

28. Clean HgO (XT-86-I-28) 
Part II ' . . 

1. EPA Symbol (XT-85-II-1) 

2. Geometric Mean (XT-86-n-2) 

3. GM Formula. (XT-86-II-3) 

4. Getting Anti-Log in Six. Easy Steps (XT-86-II-4) 

5. Three Simple Examples (XT-86-II-5) 

6. First Step - Determine M (First 'Example) (XT-86-II-6) 



7. Second Step - Locate M on Table (XT-86-II-7). 

.8. Step two - Table of Common Logs. (XT-86-II-8) 

9. Step Two - M = 11394 (XT-86-II-9) 

10. Step Three - Determfne N (XT-86-II-10) 

11. Step Four - Find C (XT-86-ri-ll) 

12. Step "Five - Finding d (XT-86-II-12) , 

13. Step Six - Locate Decirpal Point (XT-86-II-13) 
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14. Step Six - Decimal Point Determined (XT-86-li-14) 

15. Second Example - Steps One and Two (XT-86-II-15r 

16. Steps Three, Four, Five and Six (XT-86-II-16) 

17. Tiiird Example - Steps One and Two (XT-86-II-17) 

18. Steps Three, Four, Five and Six (XT-86-II-18) 

19. -^Same Example, Changed Integer (XT-86-II-19) 

20. Another Exampl6 with M the Same (XT-86-II-'20) 

■ - . 167 
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X»T • 




15 

X*^ 




16 

xu • 




17 
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20. 



21, Summary of Getting Anti-Log (XT-86-II-21) 



End Part II (XT-86-II-25) 



EPA Symbol (XT-86-III-1) 
Part. Ill (XT-86-III-2) 



Getting the Anti-Log (XT-86-III-6) 
First Three Steps (XT-86-III-7) 

Last 3 Steps (XT-86-III-8) ' 
Combining Both Operations for Geometric Mean (XT-86-III-9) 
Fin the Log Shown in Red (XT-86-III-10) 
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21. "Check" Results (XT-86-I 11-21) 

22. End of Part III (XT-86-I 11-22) - . 

23. Credit Sli^XT-86-III-23) 

24. Clean Water (XT-86-III-24) 
> 
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STATISTICS FOR CHEMISTS 



I INTRpDUCnON * 

A Statistics' may be defined, for our purpose, 
as a collection of jnethods. which have been 
<ioyeloped for liandling numerical da^a 
pertaining to saniples or portions of entire 
populations. - * • , 

B The statistical methods with which we will 
conccjrn ourselves deal with the presentation 
and analysis of numerical data from samples. 



II KRI^QT'liNCV 

A noliiiitions 

1 . Frequency - indicates how many times 
a particular score occurs in a collection 
of data 



2 Frequency table - a tabuLir ari^go- 
ment of data, ranked in ascending or 
dci^cending of'der of magnitudi-, 
together witli the cori'espondin^ 
frequencies 

3 Frequency histogram - a set of 
rectangles having b^ses on a fibrir.ontal 
axis with centers at the given scoros 
and heights equal to the corresponding 
frequencies (See Figure 1) 

\ Frequency polygon - a lino graph of 
frequencies plotted against scores 
(can be obtained by connecting mid- \ 
points of tops of reotaaglef; in the * 
frequency histogram) (See Fi<,airt* I) ^ 



' Figar<* 1 

Frequency Histo^^ram & Frequency Polygon 
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• B Application 

Consider the a](^plication of the above 
definitions to the following set of data, 
obtained from twelve determinations for 
chloride in water. 



Results (tig/1) 





100 


loi 


99 




101 


IJOO 


100 


f 


99 . 


102 


100 




'98 


101 


102 



number of observations the 
2^^ 



' n 
.2 



nr\^dialQ is* 
, Vio average of the 



niiddle two scdres. 

Mean - arithmetic average of all the 
values injthe sample distribution, de- 
noted by X. The formula for cakula-' 
ting the sample mean is 



X = 



X| -f X9 -f 



n 

x=i:i 



Table 1 
^ Frequency Table 
Chloride {\xgl l) [ Frequency 



08 
9f) 
100 
10] 
102 



.1 
'2 
4 
3 
2 



III MEASURES OF CENTRAL TENDENCY 
A Definitions- ^ . 

1 Central tendency - the tendency of 
values to cluster about a particular 
value in the drst ribution 

2 Mode - that value which occurs most 
" frequently 



3 Median - midpoint of an array of 
^ scores. If there is an' odd number of 
observations, n, the median is 
. ^n + 1 



n 



where there are n number 
of values. 



B Aids in calculation of the mean * 

Application of the following two statements 
can reduce errors and amount of time 
spent in calculating the mean of a 
distribution. 

1 Adding dr subtracting a constant to or 
from each score in a distribution is 
equivalent to adding or subtracting the 
same constant to or. from the mean of 
the distribution. Thus- the following 
formula: 



where 



^n + 1 



represents 



the vafue in the frequency 

(iistribution. If tjj^jre is an even 



where _the X^'s a_rejthe 



.X^.-lXI C 
c 

values in the distribution with mean X, 
and the X^ ± C's are the_ values in the 
distribution with mean X^. 

Multiplying or dividing each score in 
a distribution by a constant is equivalent 
to multiplying or dividing the mean of 
the distribution by the same constant. 
Thus the following formulas: 



(1) Xp = CX 



or 



(2) X^ « ^ where the Xj»s are the 
values in the distribution with mean X, 



171 



I 



24-8 



statistics for Chemists 



and the CX^^s or the ^ »s are the 

values in the distribution with mean 
X 

c 

. C Application . 

Consider the application of the above 
definitions to the previously mentioned 
set of data, obtained from twelve deter- 
minations for chloride in water, shown 
in Table 1. 



1 Mode = 100 



2 Median = 
_ 100 + 100 



2 2 ^ 



2 

= 100 



, X6+X7 
2 



• Deijpte the mean of the distribution in 
^ Table ,1 by X < If we add 100 to each 
" score in the &stribution in Xable 2, we 
obtain the scores in the distribution in 
Table^; likewise if we add 100 to the 
meanV X, of the distribution in Table 2, 
we obtain the mean, X , of the distri- 
bution in Table 1. ^ 



Thus X = X + 100 
c 

X =~ + 100 

c n 



l(-2) + 2(-l) + 4(0) + 3(l)+ 2(2) 
12 '' 



.X 3 .25 + 100 «= 100.25 



+ 100 



3 Mean 



n 



J 98 + 2 (99) + 4 (100) + 3 (101) + 2 (102) 

""^ 12 ~ 

y 

= 100.25 

4 Aid in Calculation |f - 

Consulting Table 1 and observing that 
the values are in the neighborhood of 
ibo we might subtract 100 from each 
score and obtain the fcrllowing distribution: 



• Table 2 
Frequency Table 
Chloride Frequency 

1 



-_2 
-1 
0 
1 
2 



2 
4 
3 
2 




IV MEASURES OF DISPERSION 
A Definitions 

1 Dispersion - spread or variability of 
observations in a distribution 

2 Range - the difference between the 
highest value and the lowest value ^ 

.R = max)- min 

: J_-AyeiaxeJeyiation^ 

deviations of the values from their 
mean, without regard to sign, divided 
by the totaF number of data values (n) 

The formula for calculating the average 
deviation is: 



Il2 
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Average deviation of the mean (D) - 
the s^vprage deviation of individual 
data itom^ from the mean (d) divided 
by tho sqtiare root, of the number of 
data items (n) 

The definition of the average deviation 
of the mean can be expressed by the 
formula: 



5 Variance - the sum of the squares of 
the deviations of the values from their 
mean divided by the total number of 
data values (n) minus "l 



The definition of tht*^ variance can be 
expressed by the following formula: 



X)2 



Standard deviation - the square root 
of the variance 



The definition of the standard 
deviation of the mean can be 
expressed by the formula:^ 



Relative standard deviation - the 
^standard. deviation (s) expressed as 
a fraction of the mean, ^ ^ 

X 

The relative standard deviation is 
often expressed as a percent. It is 
then referred to-as the coefficient 
of variation (V): 



V = 1 



X 100 



The relative standard deviiati<5n is 
^ particularly helpful when comparing 
the precision of a nuniber of deter- 
minations on a given substance at 
different levels of concentration, 

B Aids in Calculation 



The definition of the standard deviation 
can be expressed by the following 
formula: 



\ ■ 



However, the formula commonly used 
because of its adaptability to the hand 
calculator is the following: 



s = 



where there are 
n number of values. 



7 Standard deviation of thie mean (S) - the 
standard rl»*vlation of individual data 
items (s) divided by the square root of 
tin? numbers of datattems (n) ' 
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Application of the fotlowing statements 
can reduce errors and amount of time 
spent in calculating the variance or 
standard deviation of a distribution. 

» ♦ 

1 Adding or subtracting a constant to or 
from each score in a distribution. 

~aoesrrraffecrtTre~^^^fianic^^ 



deviation of the distribution. 



Thus the following formulas: 
(1) 



2 2 
s s 
c 



(2) 



S "rS 
C 

where the X^^s arf the values in 
the distribution with variance s 
and s.tandard deviation s, and the 
Xi + C^s are the values in the 
distribution with variance s ^ 
and standard'^ieviation s^, ^ 



Multiplying or^ividing each score in 
a distFihition bya constant is equivalerft 
to multiplying or dividing the variance 
of that distribution by the ^square of the 
same^lionstant. 



Thus the following formulas: 
2 

2 



(2) 



C^s^ 



2 

C 



where the X^'s- are the values in 
the distribution with variance s 2, 

and the CX|»s or the ^ *s are 

the values in the distribution with 
variance s^^. 



2 Ayipr^ge deviation 



n 



n 


Xi 


|Xi- XI 


1 nlJfi- X| 


1 


98 


2. 25 


^[ 2. 25 


2 


99 


1.25 


oj 2.50 


4 


100 




*l 1.00 


3 


101 


-J. .^2/25 


2 


102, ' 


1.75 


i \ 3. 50 




X = 100.25 




, 11.50 



^ x( ^ 11.50 



'n . 



12. 



= .106 



3 - Average deviation of the mean 



3 Multiplying or dividing each score in a 
distribution by a constant is equivalent 
to multiplying or dividing the standard 
deviation of that distribution by the 
same' constant . * 

Thus the following formulas; ^ 



D = 



(1) 
or 
(2> 



s = Cs 
c 



where the Xj's are the valuer in 
- the distribution with stJCndard 
^!iL:i^?y^?!i?P^?*_5^^ CX^* ^ or the 

2^ 's are the values in the 
C 

distribution with standard 

deviation s . 

c 

C Application 

Consider the application of the above 
definitions to the previously mentioned 
set of data, obtained from twelve 
determinaJtions for chloride in water, 
shown in II B, Table 1. x 

1 Range » 102 -98 4 



Uffiiui 



g calculations froAi number 2, 



a-J.="M6-= 0^=0.28 




4 


Variance - s = 

■s 


sCXi- x)^ 

n-1 

♦ 




n 




Xl-X 


(Xi- X)2' 


n(Xi- X)2 


1 


98 


-2.25 


5.06 


5.06 


2 


99. 


-I.S5 


1.56 


3. 12 


4 


100 


- .25 


. 06 


.24 


3 


101 


+ .75 


.56 


1.68 


2 


102 


+1.7a 


3. 06 


. 6. 12 
16. 22 


s2 


^2:(Xi- 

n - 


X)2 
1 


16.22 
11 - " • 


47 
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*^ Standafci deviation - s = 

r2 



?Xi 



(2Xi)2 



n 
I 

2 
•4 

'A 



09 
100 
101 
102 



98 
198 
400 

:m 

204 
1203 



9604 
9801 

loboo 

10201 
10404 



n - 1 

9604 
19602 
40Q00 . 
30603 
26808 
120617 



s = 




Aid in calculation 

Recalling that adding or svibtracting a 
constant to '«ach score in the distri- 
* * bution doesn't affect ttie variance or 
the standard deviation of.the distribu- 
tion we can simplify* the computations 
by first subtracting 100 from. each 
jl^orc in the distribution! thus obtain- 
ing th(? frequency distribution shown' 
in Table 2. 



n 


Xi-C n(Xi-Ch (Xi~-C)2 


n(Xi-C) 


• 1 


, -2 4 . 


4 


2 


. o> -1 «2 ; 1^ , 


2 


4 


0* * 0 0 


* 0 


2 


• 1 . 3 • . -1 ■ 


? 
8 




> - 


17 




1 n • 






n - 1 






1.48 




1.22 ^ 



• 7 Standard deviation of the mean 
s_ 
"n 



S = 



Using calculations from niunber 6, 
. sTlT ^ 3.46 



8 Relative^firtandard deviation expressed 
as a percent (coefficient of variation) 

V«~ XlOO 
X 



Using calculations from nxunber 6 for 
s » 1« 22 and from nximber 2 for 
X - 100,25, 



Figure 2 
Normal Distribution Curve 




Quantity Measured 



' INTRODUCTION TO NORMAL 
DISTRIBUTION CURVE 

Statistics deals with theoretical curves 
which are smoother than frequency 
polygons, obtained from experiments in 
real life, however, frequency' distribu- , 
tions or frequency polygons of experimental 
data often approximate a mathematical, 
function called the "normal" distribution 
curve. (S^e Figure 2) ^ 

Figure 



As shown in Figured, the frequency polygon 
for the 12 determinations for chloride in 
water Is a fairly good approximation, of the 
normal curve. If, ho)vever,-in the chloride . 
determiifations we had obtained' 103 instead 
of 98 and 104 instead of 99 this distribution 
would not have been a good approximation of 
the normal curve, as is shown in Figure 4, 



o 
c 

0) 

a* 

Q) 

u 



Comparison of Normal Curve and Frequency Polygon 




^ Chloi^de ug/1 

<— ^ . Figure .4 t ^ 

-Comparison of Normal Curye and Frequency Polygon 
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B If 9 frequency distribilition is a good 
approxims^tion of th^ normal carve, we 
can u8e*8ome &ct8 about»the normal 
curve to give vlb information about the 
frequency distribution. 



Figure 5* shows the normal distrjbxxtion 
in tejpms o| the population mean \i, and 
the^ standard deviation of the population 
a , and gives the percent of area under 
the curve between certain points. 



Figure 5 
Normal Distribution Curve 




a 

i 



■ » . 



4 «q 



• ' Figure 6 
Frequency E)i8tr.ibi^igg^f*olvgon 
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\ • +ls • '+2s 
100 . 101 102 



4 



^4-14 ,7 



% ♦ 



Chloride ug/1. 

177 , 
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may check the distribution of sample 
data to see if it is a "normal" distribution 
in the following manner. Substitute the 
value of the sample mean (X) for the value 
^f4he midline and substitute, the value of 
the' ^sample standard deviation <s> for the 
limits of the value spans where we might 
expect certain percentages of the* data 
items to occur. Then we can check the 
^ number of data items which actually do 
ocQuxj within these value spans. . 

Figure 6 demonstrates this application 
using the chloride data values from Table 1. 
Jhe data values are marked ori the hori- 
zontal line and the frequency of the 
occurrence of each value is marked on the 
vertical. The midline of the distribution 
is marked at the value of the sample mean 
or =* 100, See m C 3). The value of the 
sample atandartt deviation <s = 1.21, See 
IV C 5) is used to mark value ireas under 
the cxurve\where^ different percentages of 
data valuds will probably occxir. Thus, 
for the aria X + Is, X - Is = 98. 79 and 
X + 1 s = |01.21. Therefore,., according ♦ 
to the nbnftal distribution cui^ shown in 
Figure 5, might expect about 68% of the ' 
data. items fco have values between 99 and 
101. (The iklues are rounded to whole 
^numbers sinbe the data values are thus 

recorded). \ 

' i . * * 

Consulting, Ti)le 1, we find that 75% or ^9 
~^of the 12 data tttems have values in this 
range. This percentage is shown in 
Figure 6 by thd frequency polygon for the 
(feta shown earner in Figure 3, 

Likewise assuming a normal distribution, 
we would expect ^5% of the obseirvat{3ns 
to lie within +2'a\s from the populatioh 
mean. In fact, 100% of the observations 
were within + 2 s's from the sample mean. 

In both cases the observed percentages are 
reasonably close to\ the expected percentages. 
Other tests, exist fol^ determining whether 
or not a frequency distribution might 
reasonably be assiuiied to approximate 
the normal distributipn. 



It would be goo^ to become as faniiliar as 
possible with the normal distribution since 
an underlying normal distribution ie 
assumed^pr many statistical tests of 
hypo^esis, 
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SUBJECT MAHER: Advance Preparations for Day Four Laboratory 

WHEN ACCOMPLISHED; 'Approximately 1 hTurVlor to Day Four Laboratory 

ACCOMPLISHED BY: Staff 

TIME REQUIRED: .1 Hour * • . * 



PREPARATION REQUIRED 



Remove any remaining MPN tests 
(96 hour) from the incubators 
and place at 'proper positions. 

Remove any remaining verification 
tests from incubator and place. at 
proper positions • 

pQllect sample for MF testing • 

4 - • ^ 



Have laboratory operational 
for lat 




REMARKS 



• \ ' 

Approximately 4 li'ters Well mixed, diluted 
with sterile distillecl wker, and placed in' 
individual ,sample bottles\ Select sample 



which has a. known col i form 
count and dilute to give* a 
which is furnished to class 
the CDV. Avjriew source sampl 
been selected which requires 



1. 



fecal col i form 
count/100 ml 
[or calculating 
could also have 
preparation. 



MF test equipment and'suppl\es at each 
laboratory position ? 
2» Incubators operational 



\ 
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I. 
II. 
III. 

IV. 



VI 



VI I. ' 



GUIDELINES FOR ' • 

, INSTRUCTIONAL PACKAGE WORKSHEET 

r 

SUBJECT MATTER: Laboratory Briefing for Day Four 
. UNIT OF INDUCTION: Summary of Topic Presentation 
'estimated TIME: 45 minutes 

• 

JUSTIFICAtlON FOR THIS INSTRUCTIONAL OBJECTIVE: To ensure understanding ^ 
of pr-evious .laboratory work and to give a briefing for the work to be ' 
accomplished during Day Four Laboratory. ♦ 

^ • f • . 

ENTRY LEVEL BEHAVIOR: .■ ' * ' . 

A. Having perfomied the previous laboratory procedures . ^ ' 
INSTRUCTIONAL OBJECTIVE: . • ^ 

A; Terminal Behavior; The participant will be acquainted with" the various 
areas of Instructional material covered in the training course manual 
and better be able to utilize them in an open book laboratory situation ' 
which immediately follows the briefing session. 

B. Conditions : Instructional material 'as covered in various parts of 
course training manual and as directed^ by verbal ijistructions. 

C- Accepted Performance : UtilizationiDf assigned ^ages of course training 
manual In conjunction with notes taken during briefing sessions. : 

INSTRUCTIONAL RESOURCES: ^ ^ ^ ' 

A. Available Media: 



1. Trat^ning Manual Outlines: 



Outline 
MPN Methods . 

Verified MF Tests 



^ Detailed Membrane^ 
Filter Methods • 

Colony Counting on 
Membrane Filters 

B. Suggested Media : 

1. ' None 



Section 
96 hoUijr^ examination 

Verification of 
fecal col i forms 

Tests for fecal 
col i forms 



Complete 



' Purpose ' 

Provides correct procedural .* 
sequence 

Continuation of Verification 
procedures 

Provides procedural information 



Provides particulars on (IF 
colony counting , 



2 



VIII. INSTRUCTIONAL APPROACH: 

, A. Preparation for Instraction ; ' ' 

* * ** — ^ 

1*. Review agenda for time sequencing and written material for content 
and prepare- briefing. . 

2. Prepare handout (or use blackboard, if desired) indicating to - 

,^ainee the written material to review.* An example of such a ^ 
handout would be as follows: » • 



Item 



Dutline and Pages 



■ Standard Methods (14th Edition) 



MPN Methods Examination of Water 
(96 hour procedures) for Col i forms and 

FecaT Streptococcus 
Groups:. 



MF Methods 



B. Sequencing : 



3-15; 3-18; 3-19; 
3-21; 3-24 

Detailed Membrane 
Filter Methods:- 

11-10; 11-11 



916-917; 920-921; 
922; '.943 



937-939 



\\ MF Methods (Preparation of MFC broth and the. incubatioff of com-/ 
ffleted plates) ~ ■ ■ • 

2. MPN Methods (96. hour test procedures - continue demonstration • 
^ with the MPN test rack) 

3. MF Sample Volumes (Review the calculation of the CDV [Central - 
Dilution Volume] when the count/100 ml is. known) 



IX.' IPW EQUIPMENT AND SUPPLY REQUIREMENTS: 
- A. Classroom ^Equipment and Supplies: 
^ , 1. . Blackboard and chalk. 
1: Demonstration setiip 
•X.' IPW REAGENT REQUIREMENTS:- • 

A. None required. n. ' ^ 

XI. DES'CRIPTiqN OF VISUAL MATERIALS: . 
A. None required. 
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HPN TEST PROCEDURE : - Day Four Laboratory 



Complete MPN test procedure if any 
remains / . 



MF TEST PROCEDURE 



1. Continue Verification" Test procedure. 
• If any remaining EC tubes are to be 
read and .recorded thisfWould conclude 
. ■ the Fepal Cdliform Verification Test 

Z' Read land Record the col i form test 
.. results of using the enplchment test " 
procedure (LES Agar). , 

3. Prepare 5 m-ENDO brotlv plates from the, • 
broth which was prepared on Moftday and' ' 
saved In the refrigerator.- Discard the 
remaining broth. 

4. Prepare 30ml of .MFC broth and from tjhis 
prepare 6 plate$. . ' " ^ ■ . 

5. ' Given information regarding the TC and FC 

counts/lOOmJ of a 'sample, calcjjlate the . 
sample volumes to run." Use the following.- 
tlllution volumes for the relpectiye plates;. ' 

> ' TOTAL COLIFORM^ ' 
^ \ • : . ■ " 

^ > lOCDV 5CDV . CDV . l/SCDV "* I/IOCDV 
- \ r ' " .. ftZhl COLlFORMS 

16CDV 8CDV CDV 1/$CDV i/16CDV 

6. * Run the sample and pTate on the prepared plates 

Incubate at the proper temperatures. ^ 
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RosoHc acldXprerprepared by staff fof- 
class use. Plastfc ba^s* a vail able for 
under-water tnmerston 



CDV refers to Centfal^ilutiQn-Volume 
which is the calculate4\ volume 



8' 



GUIDELINES FOR 
INSTRUCTIONAL PACKAGE WORKSHEET ^ 

* I. SUBJECT MATTER: Post-Course Quiz 

II. UNIT OF. INSTRUCTION: Sunmary of Topic Presentation '/ 
'III. ESTIMATED TIME: 75 minutes ^60 minutes QuizTlS minutes^view) 

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: May be a requirement* 

fo r course completion. _ - 

H . - . . ■ . 

Vt -ENTRY LEVEL BEHAVIOR: / 

A. Attended 95% of course. 

, VI. INSTRUCTIONAL OBJECTIVE: - * \, . ' • 

- A. - Terminat Behavior. : Receive a critique of the test after collection 
of same to be aware of correct responses. ° '• 

B. Conditions : He/she will be given the test and 60 minutes. 

C. Accpeted Performance : Obtain at least a 70%' test score. ^ - 
VII. INSTRUCTIONAL RESOURCES:' • 

A. ^Availajble Media ; 
1. None required. 

B. ^ Suggested Media :' o 

1. ..None' ' ' \ 
VIII : INSTRUCTIONAL APPROACH: 

A. Preparation for Instruction : " " * 
. 1. Duplicate quiz for number of participants. 

2. Prepare overheads of the quiz with answers. 

B. Sequencirig : . * 
1. Distribute quiz to participants. 

/!jf 2. Allo^^O minutes for completipn. ' „ 
3. Collect quiz - cheqk for name entry as they are collected. 




4. Critique quiz by the recommended procedure of use of overhead 
projection. ' ' , * - , ■ . 
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IX. IPW EQUIPMENT AND SUPPLY REQUIREMENTS: 

A. For each particiDant ; 
- 1. Quiz. 

B. For instructor ; 

^ 1. , Overhead projection of quiz. 
X. IPW REAGENT REQUIREMENTS: ' . 

A. None * * — — . 

XI. ' DESCRIPTION OF VISUAL MATERIALS: 
' \ A. See attached' example Bacteriological Course Qui 



s 
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^ X - Name 



BACTERIOLOGICAL METHODS IN WATER QUALITY 
CONTROL PROGRAMS (120.4} 

(Date) 
(Place)' 



INDICATE- IF THE FOLLOWING ARE TRU£.(T) OR FALSE ("F)r- 

'^1. 'Col ifofm. bacteria ferment lactose with the' production of gas 

2. Fecal coliform* bacteriaifre effectively separated from the ^ ' 
. tqtal conforms by the use of the chemical TTC i, 

r ' * o . « ' , • ' , * • 

'3. , The^eleyated temperature te§t (44.5 C) is useful -primarily i 
. 1^ separate the col i forms from the fe^cal streptococci...^ ^ 

*4. EC medium is primarily used 'for pathogenic testing 

5. Fecal coliforiris will also' show a golden metallic sheen. 

characteristic on the m-ENDO. medium. 'i . . j f , 

^ 6. "^t^g rnbrckne- filters are so effective as. filters thatithey have 

' a"lways* proven to be an acceptable bacteriological method..... i ? 



7. Membrane filters have proven ^o be so tough and durable- ttiat • * 
unlimited sterilization pr^tices can be used 

8. The ^addition of sodium azide to m-E^DO medium has allowed this . f 
medium to effectively differentiate cqlifor^^ from background 

. growth \ .• ; ^ 

9. MPN tubed .mddia can he stored indefinitely ,i^ it is placgd 

in the darl^ under refrigerated conditions \. 

. . . • ^ . • ' ^- , ♦ 

10. Fecal coliform eoTonies on MFC medium show a' golden 

, metallic-like sheen fharacteristic. . ll^^.f, 



11. The countable plate range for the KF agar plate is 

• from 20 to 80 colonies. ;.• j 



Select the best answer from the njultiple choices listed: CIRCLE THE ANSWER 

12. the countable plate range for the FECAL COL I FORMS on the MFC plate is: 
* a. 20-80 

b. not nwre than 200 of all types" . ' 

c. 20-60 H 

d. 20-100" ' ' ' , - ' - 

13. The pritnary- reason for addir^ alclhol (ethanol) in m-ENDO is: ' 

a. to. keep' the colifDrms withiii.^the tountable plate range - 

b. allow all-CQlohies to develop good sheen characteristics 

c. prohibit pathogens and fecal streptococci from developing 

d. keep down background growth on the MF 



. / 



14. Which of the fallowing descriptions is true of the Fecal Coliform medium by 
the MF method? ' 



a. dse is m^de of ethanol in preparation; the temperature is elevated; 
r9^-hues are typical. 'n * ' 

b. rosoTic acid 4s utilized; TTC is needed in' preparation; body temperature 
is requi/ed^ > . 

c. ' incubation under water is required; a temperature of 4^4.5 C is manditory/,, 
/ countable, colonies have blue'cpl orations 4 

. ;d. sodiym sulfite is in the' formula} lactose is necessary in the formulation;. 
a'36;t temperatore of incubation is'necessary. • * , ^ 

15.' With regard- to the CONFIRMED TEST by the MPN procedure: 

a. Ef4B 6r B6LB may be used; a temperature of 35 C is^necessary ; loop on 
inocula/tion stick transfer may be used;* confirmatory tubed medium, is- ^ 
helci'foV 48 hours, ^f necessary* • - 

• • b, m-ENDO medium is necessary; gram staining is required; elevatect terapera'tures 
are. necessary; sheen colonies arexounted. * • ' 

c. all. tubes of the presumptive^tes^:. ajp^tranjf erred to this \h/t\ EC medium 
is the medium of choieV^ IMViC t^fixihg may 6e r^uired; 'onTy positive gas 
formers are cftunted. ' \ ' ^ ^> ' ' 



d. KF medium ii" 'necessary; 35 C is the temperature; broth or agar maybe used; 
* 24^hour-s is t-he .inculcation time. . • • 

' c 
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From the given WORD LIST .. select the choice which matches the statement on the left. 
Noyj the correct response is given for the first statement. 



WORD LIST 



16. Gram Staining- Reagent 

p\ .A general term denoting 

■disease organisms.- >^ 

18. The medium most generally 
used for the confirmed test 
by the MPN". 

\19. A Col i form bacteria...'. 

to. A "fecal col i form MPN medium.... 

21 • The staining reaction for 

a coUform bacteria * ■ 

22.^ The ^MF medium for Fecal I 
coll forms - 



A. Crystal Violet dye 
B- Gram Postive organism 

C. Gram Negative organism 

D. • BGLB^ medium 

E. - EC medium 

F. Escherichia col i 

G. Pathogen 

H. Cryogen ' i 

I. Saphrophyte* 
J. Salmonella * 

K. MFC medium — 
L. LES m-ENDO Medium - 
M. KF Agar medium 
N. Rosolic Acid dye 
0. ' Cryptococcus . 



° Name 

bacteriolo6ic/(l wethodS in water quality 
^ control programs (120.4) ' - 

* » * 

' ' (Date)' 
. * . (PUce) 



INDICATE IF THE EOLLOWING ARE TRUE (T) OR FALSEv(F): 

t9 *' -> muf 



1. Coliform bacteria ferment lactose with the productign of gas.. ^ T 

2. Fecal col ifonff bacterid are .effectively separated from yie . ^ 

total coliforms by the use of the chemical TTC .-^ ' ' F , 

3. The elevated temperature test (4C5.C) is useful primarily ° ° ' ' 

to separate the coliforms from Ihe fecal streptocpcci » * ; 'X^. •;. ° F" .•' 



"4. EC medium is primarily used- for pathogenic testing..; F 

i • ■ r ■ 

5. Fecal coliforms will also show a golden metallic sheen ' °. • . *' ■ 
. characteristic on the m-ENDO' medium ; : , t 



6.' Membrane filters are so effective as fitters that they have ,^ , " 

'always proven to be an acceptable' bacteriplogical method.; . ..C. » ^ ' • ' ■ 

; .7'. Membr^ne^ filters h^ive .proven* to be s^' tough and durable that • '\ ' v 

,unlimit<fa sterilization practices can be usfed .'..^...-^ f 

- T» • ••••••••••••••••• I 



&. The-a<Jdition of s'odium azide t6 m-ENDO. medium h'a's allowed this -i 
V medi urn. to effectively differ^ntiate^l if 9rms from backgrouni ' 



9 ' 



9 



).> MPN tubed .media can be -stored indefinitely if'it'is ptaced * V- '\ ^ ^ ,\ 

. in the darjcjjnder, refrigeratecj, conditions i...'^:....• ■F ^' ' 

^*Eeca1 colifom.c^lon1^s"on MFC.mediufn.''lhoW a golden . * ^- , ••' 



,,Qplon1^s 

raetal lie-like- sheen cMracteVistic». . 

V 11. 'The cDuyitab'l(^pV|te, range" for the^KF/Bgar' p3ate As • 
'-- r* fr|8l 2O^to'0O^.?fa^i6s ^ r 
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Select 

12. * The 
a. 
. b. 



13. * The- 



a. 
b.' 
c. 



the best^a^swer from the multiple choices listed: , CIRCLE THE P^ER 

countable plate range for the F€CAL COLIFORMS on the MFC plate is: 
20-80 ■ .t 

not .more than 200 of all types" , . 

20-60 ^ * • ^ - • < 

20-roo , • ■ 

I 

PHmary reason for adding alcohol (ethanol) .in m-ENDO is:- 
to keep the coliforms within the countable plate. range ; 
allow all "colonies to develop good sheen characteristics * 
prohibit pathogens and fecal streptococci from developing ' 
keep down background growth on the MP ' 



14. Which of the following descriptions is true of the Fecal Col i form medium- by 
the MF method? . ' - 

• — . .. . » . ' ^ 

* ' ^ * 

a. ', usfe is made of ethanol in preparation; the temperature is elevated; 
red- hires 'are typical. 

' ' ' • /' ■ " , ' 

b. ^stffic acid is utilized; nc is needed in preparation; body temperature * ■ 

IS required. m ^ . ■ ^ 

« ^ 

(cS incubation under jyater is required; a temperature of 44.5 C is manditory;ft 
countable colonies have blue colorations. ^ 

^d. sodium sulfite is in the formula; lactose is necessary in the formulation; 
a 35 C temperatut;e of jncubatiSn is necessary. ' ' 

15. With regard to the \CONFIRMED JE ST bv-the MPN procedure: 

(a^ EMB or BGLB may be use(i;*a temperature of 35 C is necessary; loop or 
inoculation- stick^ transfer may be used; confirmatory tubed medium is • 
»• held for 48 hou»;s,)if necessary.' • ' 

' b*- m-ENDO, mediiim is .necessary; gram] staining is required; elevat^temperatures 
^ ' are necessary; sheen colonies are counted. 

.c. .all tubes of the presumptive test are transferred to this test; EC merfium • 
' is the medium of ch'oic^; IMViC 'testing may be required; only positive gas 
formers are counted. 

•' • * ' • ' \ 

d. KF medium H necessary; 35.C is the temperature; broth or agar*may be used; • 
^ J4 hours is the incubatiohf time. • . » 
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From^ the given WORD LIST t select, the choice Which matches the statement on the left. 
Note the correct response is giv^n for the first statement. > ^ - 



WORD LIST 



16. Gram. Staining Reagent A_ 

17. A general term denoting 

disease brganisms 

18. The medium most generally . 
used for the confirmed test 

' by the MPN wy. 

19. A Coliform bacteria F 

20. A fecal coliform MPN medium'.... 

21. The staining reaction for - 

a Coliform bacteria C_ 

22. The MF medium for Fecal, 

col i forms K_ 



A. Crystal Violet dye. 

B. Gram Postive organism 

C. Gram Negative organism 

D. BGLB, medium 

E. EC medium * 

F. Escherichia coli 

G. Pathogen 

H. Cryogen 

I. ' Saphrophyte 
J. Salmonella 
K. MFC medium 

L. lES m-ENDO Medium 

M. KF Agar medium 

N. Rosolic Acid dye 

p. Cryptococcus 



J no 
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■* * * ' ^ 

. SUBJECT MAHER: ' Advance Preparations for D^y Fiva Laborat 
WHEN ACCOMPLISHED: 1/2 hour pr^or to Day Five Laboratory 
ACCOMPLISHED BY: Staff 

,TIME REQUIRED: 1/2 hour 



PREPARATION REQUIRED 

Remove KF Agar plates from incubator 
/^^d place at paeh position 

Remove *MFC plates fr6m incubator and 
place at each position 

Remove m-ENDO plates from incubator 
<an<| place. at each jJosition 

Have laboratory operational for 
laboratory studies 
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REMARKS 



48 hour. incubation 



MF colony countirjg^'equipment 



V 
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GUIDELINES FOR 
INSTRUCTIONAL PACKAGE WORKSHEk^ 

, I. SUBJECT MATTER: Laboratory Briefing for Day Five 

IK UNIT OF INSTRUCTION: Summary of Topic Presentation ■ 

III. ESTIMATED TIME: 10 minutes 

IV. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: To give a briefing for 
» the work to be accomplished during Day Five Laboratory. 

V. ENTRY LEVEL BEHAVIOR: 

^^^^^^^^^^^^ • 

-A. Having performed the previous laboratory assignments 
VI." INSTRUCTIONAL OBJECTIVE: 



A. Terminal Behavior : The participant will be acquainted with the various 
areas of instructional material covered in the training course manual 
and better be able to utilize them in an open book laboratory situation 
Which immediately follows the briefing session. 

B. Conditions : Instructional material as. covered in various parts of 
course^ training manual and as directed by verbal instructions. 

C. Accepted .Performance : Utilization of assigned pages of course training 
manual in conjunction with notes taken during briefing sessions. 

VII. INSTRUCTIONAL RESOURCES: 

A. Available Media: ' - " 



l.XTraining Manual Outline: 



Outline 

V 

Colony Counting on 
Membrane Filters 



Section 
Complete 



Purpose 

Provides particulars 
on MF Colony counting 



B 



VIII, 
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Suggested Media : ^ 
L None 
INSTRUCTIONAL APPROACH: 
A.. Preparation for InstructidnT ) 

1. No particularl^preparation'required. 
Sequencing ; ^ . 

1. Colony Counting -'m-ENDO (total collform) 

2. Colony Counting - MFC (fecal. Collform) 

3. Colony Counting - KF (fecal streptococci) 

195 
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m EQUIPMENT AND SUPPLY REQUHIEMENTS: 
A. Classroom Equipnfent and Supplies: 

1. Blackboard and chalk ; ' - ' - 

2. Demonstration setup, if desired, of MFC and KF Agar plates. 
IPW REAGENT REQUI^ENTS: 

A. None required. 

DESCRIPTION OF VISUAL MATERIALS: , - 

A. None required. ■ 
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MF TEST PROCEDURE * 

1. Read and Record ri-ENDO 
plates (total .coliform) 

2. Read and Record MFC 
plat^(fecal 'Qolifomi) 

^ Record KF Agar 
es (fecal streptococci) 




Day Five Laboratory 



^ y 



\ 



